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Abstract

In the face of escalating global biodiversity challenges, the objectives of ‘no net loss’
(NNL) and ‘net gain’ (NG) have emerged as crucial strategies adopted by governments,
businesses, and financial institutions to mitigate the ecological impacts of economic
development. These strategies are vital to advancing the global nature-positive vision.
Ecological compensation aims to balance biodiversity losses incurred in one location
by achieving equivalent gains elsewhere. For ecological compensation to be effective,
it must address both ecological and social needs, integrating local perspectives to

enhance sustainability and equity.

International best practices stipulate that an economic development and its
associated ecological compensation, should ensure local communities are at least as
well off, if not better, following project implementation. However, there remains a
lack of clarity regarding how the environmental changes resulting from such a project
impact the well-being of local populations over time, particularly given the varying

perceptions of these changes among individuals.

This thesis explores these dynamics through a detailed case study in China, focusing
on the local implications of ecological compensation. I begin with an evaluation of
China’s ecological compensation system, which seeks to offset natural habitat losses
caused by development through habitat creation. By synthesising a range of data
sources, I identify several critical challenges, including inadequate pricing of forest
restoration fees, the absence of required biodiversity metrics, and a lack of
transparency in compensation outcomes. I then suggest improvements based on
international best practice principles for compensation, including the adoption of
higher compensation standards and the enhancement of governance for data tracking

and monitoring conservation effectiveness.

Building on this understanding, I examine the Qunli New Town, a recent major

urbanisation project that involved various ecological mitigation and compensation



measures. I first investigate shifting baseline syndrome (SBS), a phenomenon that
distorts perceptions of environmental change and erodes societal expectations for
nature recovery. I propose a framework that incorporates cognitive mechanisms
contributing to these misperceptions. The utility of this framework is demonstrated
through the Qunli case, where findings reveal that more accurate perceptions of
environmental changes are associated with personal experience rather than indirect
sources. Additionally, cognitive errors, such as omissions and commissions, are

linked to processes of sensation, attention, learning, thinking, and memory.

Next, I assess the dynamic well-being impacts of the Qunli urbanisation, using a
retrospective comparative survey where residents were asked to compare their
current well-being with their previous state before the project. Results indicate that
former agriculturalists, while perceiving no differences in fairness, reported lower
levels of happiness following the changes, compared to non-agriculturalists.
Furthermore, long-term residents viewed the economic aspects of the new town as
fairer, while considering the ecological aspects less fair than newcomers did. This
research highlights the importance of understanding the dynamic social impacts of
developments involving ecological compensation in order to achieve genuine ‘no

worse off” outcomes for local people.

To address the negative well-being impacts of development projects, I review the
social impact assessment policies and standards of financial institutions worldwide,
critically evaluating the long-standing yet underexplored approach of applying the
social mitigation hierarchy (SMH). This framework requires development projects to
sequentially mitigate their social impacts through avoidance, minimisation,
remediation, and offsetting. Drawing on the Qunli case study, I explore the
complexities involved in implementing the SMH, including the selection of well-

being indicators and compliance monitoring.

This research underscores the need to consider the dynamic impacts of development

and its associated ecological compensation on local well-being. It calls for the



integration of established social standards, including the social mitigation hierarchy,
into the operationalisation of the ‘no worse off’ principle. Moreover, addressing SBS
is crucial for enhancing people’s relational well-being, enabling them to better
understand and respond to their environmental conditions. Tackling the dynamic
social impacts of economic developments involving ecological compensation and
promoting societal changes to improve awareness of the natural world are essential
for fostering resilient, sustainable, and inclusive communities in line with the

Sustainable Development Goals and the Global Biodiversity Framework.
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Introduction

CHAPTER 1

INTRODUCTION

Land clearing for development threatens nature. Dominik Vanyi/Unsplash



“We are part of nature and our well-being

depends on a healthy relationship with it.”

- Georgina Mace

1.1 Background
1.1.1 Biodiversity Impacts of Infrastructure Development

he Earth had left the Holocene and entered a new geological epoch, the

Anthropocene (Crutzen, 2002; Rockstrom et al., 2009; Zalasiewicz et al.,

2017), in which human activities have become the foremost driver of global
environmental change, driving a crisis for the natural world (Steffen et al., 2007 &
2015; Newbold et al., 2016; Diaz et al., 2019). Monitored wildlife populations have,
on average, declined by roughly 69% over the past four decades (WWF, 2022), though
the extent of these losses varies significantly across different species and regions,
creating distinct patterns of survival and decline amid global environmental shifts
(Blowes et al., 2019; Leung et al., 2020). Ongoing declines in nature pose serious risks
to human society, as biodiversity is vital for well-being in various ways; it provides
essential services such as food, energy, and medicine, regulates climate and water
purification, and offers cultural benefits that enrich traditions and artistic expression

(MEA, 2005; Diaz et al., 2006 & 2018).

The world is experiencing the fastest expansion of built infrastructure in human
history, with countries prioritising infrastructure investment at the centre of their
post-COVID economic recovery plans (Steffen et al., 2015; Krausmann et al., 2018;
OECD, 2021; Gundes, 2022). As of 2020, the mass of human-made materials had
already surpassed that of the entire biosphere, with built infrastructure constituting
the majority of this (Elhacham et al., 2020). According to the Global Infrastructure
Hub, global investment in new infrastructure is projected to reach an additional $60

trillion by 2040. We have also entered the era of the infrastructure megaproject -



defined as projects costing over $1 billion (Flyvbjerg, 2014) - with China’s Belt and
Road Initiative standing out as one of the most ambitious. This initiative aims to
connect two-thirds of the global population through an integrated network of

transport, trade, and industry (Ascensao et al., 2018).

The biodiversity impacts of infrastructure development are projected to be immense,
particularly in relation to urbanisation and expansion. Simkin et al. (2022) estimate
that, if the biodiversity impacts of urbanisation continue to be inadequately mitigated
globally, over the next 30 years it could affect more than 30,000 species of native
terrestrial vertebrates, with 855 species directly threatened. However, for a
considerable time, global biodiversity agreements, such as the now-expired Aichi
Biodiversity Targets, have largely overlooked the impact of urbanisation on natural
habitats compared to agriculture and forestry (Simkin et al., 2022). This issue has now
been addressed in the new Global Biodiversity Framework (GBF), which was agreed

upon in 2022.
1.1.2 Global Biodiversity Framework

To reverse the trend of biodiversity decline, countries united in 2010 at the 10th
Conference of the Parties (CoP10) to the Convention on Biological Diversity (CBD) to
create the 10-year Strategic Plan for Biodiversity, subdivided into 20 Aichi Targets.
Despite conservation efforts, the international community has fallen short of fully
meeting any of the 20 targets (IPBES, 2019). The successor to the plan, the Kunming-
Montreal Global Biodiversity Framework (GBF), has been adopted at CoP15 in 2022.
It sets out new goals and targets to “halt and reverse biodiversity loss” within the
coming decade, with a long-term aspiration of “living in harmony with nature” by 2050
(CBD, 2022). Notably, the GBF advances in mainstreaming socially-just outcomes for
local people while pursuing positive outcomes for nature (Obura et al., 2023; Obura,
2023; Pascual et al., 2023). The term “Indigenous peoples and local communities”

(IPLCs) is referenced 16 times within the framework (CBD, 2022).



The framework also introduced a new target that promotes “biodiversity-inclusive
urban planning”, aiming to “significantly increase the area and quality, and connectivity
of, access to, and benefits from green and blue spaces in urban and densely populated
areas sustainably” (CBD, 2022). This is in recognition of the fact that land conversion
for urbanisation and urban expansion is, and will continue to be, a major driver of the
global nature crisis, destroying and fragmenting the habitats of many species (WWF,
2022; Semenchuk et al., 2022). This target, aligned with the GBF’s general social
principle, should also be pursued in a manner that properly addresses any negative

impacts on local people’s well-being.
1.1.3 Mitigation Hierarchy and Ecological Compensation

To advance towards achieving this global target, the ‘mitigation hierarchy’ (MH)
approach can be applied to guide the mitigation of ecological impacts from urban
development activities, aiming for ‘no net loss’ (NNL) and preferably ‘net gain’ (NG)
for nature (Fig. 1.1; Birkeland & Knight-Lenihan, 2016; Arlidge et al., 2018; Birkeland,
2020). In the MH framework, ecological compensation (e.g., biodiversity offsets) is
considered the last resort for impact mitigation, to be implemented only after impacts
have been prevented whenever possible (Gardner et al., 2013; Pilgrim et al., 2013; Ives
& Bekessy, 2015; Arlidge et al., 2018; Hahn et al., 2022; Droste et al., 2022). Justified
by the ‘polluter pays’ principle (Wende et al., 2005; Vaissiére et al., 2020; Damiens et
al., 2021a), over 100 countries have incorporated or are incorporating ecological
compensation policies into their environmental legislation (Fig. 1.2; Table 1.1),
typically associated with the environmental impact assessment (EIA) framework

(IUCN, 2019; Deutz et al., 2020).

Ecological compensation - while addressing residual impacts that were previously
uncompensated and unmeasured (von Hase & ten Kate, 2017) - remains a
controversial topic in the literature. Debates focus on its ethical foundations (Spash,
2015; Ives & Bekessy, 2015; Apostolopoulou & Adams, 2017; Bjornberg, 2020),
technical concerns (Bull et al., 2013; Gardner et al., 2013; Maron et al., 2016 & 2018),
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Fig 1.1: A graphical representation of the mitigation hierarchy. Developers can follow
the conceptual framework to sequentially avoid, minimise, remediate, and offset
environmental impacts. To remediate means to restore temporary environmental loss within
the development site during or after the development. To offset means to deal with any
residual impacts not captured by the first three steps of the hierarchy.

governance challenges (Bull et al., 2013; Maron et al., 2016; Primmer et al., 2019;
Damiens et al., 2021a), and potential efficacy (Lindenmayer et al., 2017; May et al.,

2017; Josefsson et al., 2021; zu Ermgassen et al., 2023).

There is also a growing discussion around the social impacts of implementing the MH,
as development and associated ecological mitigation activities, particularly
ecological compensation, can drive changes in the environments where people live
(Griffiths et al., 2019a & 2019b; Jones et al., 2019; Tupala et al., 2022). These
environmental changes affect access to ecosystem goods and services, impacting
local well-being not only through what is delivered, but also how, with procedural and
recognition justice playing a crucial role (Bidaud et al., 2017; Jones et al., 2019;
Kalliolevo et al., 2021; Milner-Gulland, 2024). Consequently, the ‘no worse off’
principle has been proposed (Bull et al., 2018; Griffiths et al., 2019a). This principle

requires that development and ecological mitigation activities address their impacts
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Fig. 1.2: National compensation policy development across the world. A global database compiling information on the use of compensatory
conservation demonstrates that over 100 countries have compensation policies in place or enabled; compensations are legally required in 37
countries including US, UK, and China, primarily embedded in the EIA framework. (Data source: Global Inventory of Biodiversity Offset Policies,
GIBOP).



Table 1.1: Terminology for different types of ‘ecological compensation’ mechanisms across languages. (Adapted from Bull et al., 2016).

Equivalent terminology for ecological

Language . English direct translation Relevant countries
compensation
Chinese (simplified) Shengtai buchang Ecological compensation China
Danish Kompensation Compensation Denmark
English (Canada) Conservation offset Conservation offset Canada
Australia, New Zealand
English (UK Biodiversity offset Biodiversity offset T ’
glish (UK) Y Y South Africa, UK
English (United e e .
& Stat(es) Compensatory mitigation Compensatory mitigation United States
French Mesures de compensation; compensation Compensation measures; ecological Canada, France,
écologique compensation Madagascar
. Compensation measures; substitution
German Ausgleichsmafinahmen; Ersatzmafsnahmen P Germany
measures
. [Satoyama is the term for a semi-
Japanese Satoyama Banking . . Japan
agricultural ecosystem type in Japan]
Portuguese . . . .
gl.l Cota de reserva ambiental Environmental reserve certificate Brazil
(Brazilian)
Russian 61opa3HOo06pa3Mst KOMIIEHCAIIVS Biodiversity compensation Kazakhstan, Russia,
p P t ¥ P Uzbekistan
. .. . . .. . . Argentina, Chile,
. Compensaciones de biodiversidad; medidas Biodiversity compensation; & . .
Spanish ) Colombia, Mexico, Peru,
compensatorias compensatory measures .
Spain, Venezuela
. . . Compensation/substitution; ecological
. Ersdttning; ekologisk compensation; P /. . &
Swedish compensation; environmental Sweden

miljokompensation

compensation




on local communities, ensuring that people are no worse off, and preferably better off,
in terms of their perceived well-being after these activities than they were before (Bull
et al., 2018; Griffiths et al., 2019a). This principle is underpinned by moral arguments
(e.g., human rights), a practical rationale (e.g., a social licence to operate), and policy

or regulatory mandates (e.g., IFC Performance Standards).
1.1.4 Human Well-Being

Operationalising the ‘no worse off’ principle requires the proper identification,
assessment, and mitigation of any negative impacts arising from the implementation
of a mitigation hierarchy (MH) on the well-being of local communities (Griffiths et al.,
2019a). Human well-being is multi-dimensional (Gough & McGregor, 2007; Ng &
Fisher, 2013; Schreckenberg et al., 2018; Austin, 2020), and in the literature well-
being is regularly positioned as a construct involving material, relational, and
subjective aspects (Fig. 1.2; White, 2010; McGregor & Sumner, 2010; Milner-Gulland
et al., 2014; Woodhouse et al., 2015; Loveridge et al., 2020). The material aspect
focuses on what a person has, the subjective aspect on what they think about what
they have, and the relational aspect on what they can do with what they have (Gough
& McGregor, 2007; Milner-Gulland et al., 2014; Woodhouse et al., 2015). This multi-
dimensional nature of well-being means it cannot be fully assessed through objective
measures alone; it’s crucial to understand how objective means are converted into

subjective ends (Anand, 2021).

Well-being is also a dynamic concept (Gough & McGregor, 2007; Ng & Fisher, 2013;
Schreckenberg et al., 2018), which means that both immediate and long-term
consequences of an intervention should be investigated to build a more
comprehensive understanding of its well-being impacts, so as to better manage these
impacts towards improved social performance. As for ecological mitigation and
compensation, understanding its well-being impacts in the long term, and properly
mitigating any negative impacts, are not only socially important; this may also

contribute to more sustainable ecological outcomes of these projects.



Subjective

Material Relational

Fig. 1.3: Dimensions of human well-being. The concept of well-being can be depicted as a
pyramid, where the material and relational aspects are the basis, rising to the subjective
dimension at the apex. (Reproduced from White, 2010).

1.1.5 Shifting Baseline Syndrome

A globally-evidenced social-psychological mechanism that can influence well-being
dynamics is shifting baseline syndrome (Pauly, 1995; Papworth et al., 2009; Soga &
Gaston, 2018 & 2024), where people perceive environmental changes differently from
the actual changes to varying degrees, leading to differing expectations and standards
about what should or shouldn’t be altered. For example, Ostergren et al. (2008) found
that rural residents, accustomed to denser forests, were less supportive of
environmental measures like thinning and prescribed burns, illustrating shifting
baseline syndrome, where their perception of a ‘healthy’ forest aligns with their

experience of relatively dense forest conditions.

Shifting baseline syndrome may be closely linked to human well-being. In terms of
subjective well-being, people’s differing perceptions of actual environmental changes
can lead to varied evaluations and judgements of how these changes affect their lives.
In addition, environmental misperceptions can undermine relational well-being by
limiting people’s ability to respond effectively to environmental degradation. This, in
turn, may hinder the achievement of the sustainable development goals related to

sustainable and resilient societies and the well-being of future generations.



1.2 Study System

Previous studies examined the impact of ecological compensation on local well-being
within particular social-ecological systems (e.g., Bidaud et al., 2017; Griffiths et al.,
2019b). Building on the knowledge of how ecological compensation operates in China,
this study takes a similar approach to explore a major urbanisation programme in
China, where extensive infrastructure developments, combined with ecological
mitigation and compensation measures. The potential trade-offs between economic
development, the natural environment, and human well-being are particularly
evident in China - a nation with a rapidly expanding economy, a global biodiversity
hotspot, and a population exceeding 1.4 billion. Understanding how China designs
and implements ecological compensation for development-related impacts, and how
the associated environmental changes may affect local communities, provides
valuable insights not only for China’s improvements but also for other countries

adopting ecological compensation in urban and densely populated areas.

This thesis focuses on a major urbanisation in Harbin, China, namely the Qunli New
Town (Fig. 1.4). Harbin, the capital and largest city of Heilongjiang Province, is the
largest provincial capital by land area in China and serves as a major political,
economic, and cultural hub in northeast China. Between 1982 and 2010, Harbin’s
population expanded from 2.5 million to 10 million. The Qunli New Town, covering
2,733 hectares, has thus been established on the western outskirts of Harbin. As a key
part of the city’s development in the 2000s, the new town replaced the predominantly

rural old town, triggering significant population movement and social change.

Qunli New Town took over a decade to be built from scratch, from the early 2000s to
the late 2010s (Fig. 1). The government’s urbanisation plan for the town was based on
the “principle of ecological priority,” with the goal of creating a “ecological garden city”
whose aim is to “increase the proportion of green space, water surfaces, and park areas,
establishing an ecological urban area characterised by a clean and beautiful environment,

a sustainable urban ecosystem, and the coordinated development of the environment,
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Fig. 1.4: The location of, and current land use in, Qunli New Town (45°44'19.7"N
126°33'01.9"E), Harbin City, Heilongjiang Province, China. a. The location of Qunli New
Town within Heilongjiang Province. b. The location of Qunli New Town within Harbin City.
c. The land-use map of Qunli New Town in 2023, showing the newly created Qunli Bund
Wetland and Qunli National Urban Wetland Park, both of which are replacing degraded
wetlands, with green corridors connecting the various urban spaces.

economy, and society” (Qunli Development Office, 2010). Under these ecological
values and goals, numerous landscape-level ecological mitigation and compensation
measures were implemented to restore existing natural areas and create new green
spaces. Local ecological surveys have suggested that the creation of the Qunli Bund
Wetland has led to its use as habitat by many species listed as threatened in the [UCN
Red List, for example, the Oriental stork (Ciconia boyciana; Endangered) and the
white-naped crane (Grus vipio; Vulnerable). In addition, the Qunli National Urban

Wetland Park (Fig. 1.4c) has been established through restoring a degraded marsh.
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Listed as an example of an avoidance-driven measure by the UN Human Settlements
Programme, the Park contributes to protecting native habitats, acts as a “green
sponge” to address climate change risks, and provides wider cultural benefits for
residents and tourists (Austin & Yin, 2016; Zhu et al., 2020; UN-Habitat, 2022).
Additionally, restoration of the river has enabled population growth of threatened

fish species, for example, the Kaluga (Huso dauricus; Critically Endangered).

These measures resulted in an initial decline, followed by a subsequent improvement
in local environmental conditions. Local official documents indicate a U-shaped
recovery in water quality (Fig. 1.5), with improvements beginning in 2009. It was also
reported that fish species richness in the river rebounded following the improvement
in water quality. Official records show that the number of fish species declined from
79 in the 1970s to 56 in 1990, and further to 34 in 2000, before recovering to 64 by
2010 as water quality improved. While the available information is limited and
relatively simple, it provides one way to reveal local environmental trends over time

and represents the best data that could be obtained.

120%
100% l [
60% \‘
40%

20% e |

Percentage of monitoring points with water
guality levels of Grade Il or better

0%
1970 1980 1990 2000 2010 2020
Year

Fig. 1.5: The change in water quality in Songhua River (Harbin Section). Data points
were collected from local official reports (see Appendix A). Grade-III water is defined as
lightly polluted water that can be used for farmland irrigation, industrial cooling and other
purposes that do not come into direct human contact. The midpoint of 1975 is used to
represent the reported state during the 1970s for clarity in the figure.



1.3 Aims and Objectives

The overarching aim of this thesis is to contribute to the equitable design of
ecological mitigation and compensation activities that counterbalance the impacts of
urban development, delivering positive outcomes for both nature conservation and
human well-being, using a Chinese study system. The main research objectives of this

thesis are to:

(i) analyse the outcomes of China’s ecological compensation scheme for
development-related biodiversity loss;

(ii) explore the different types of shifting baseline syndrome present at the study
site and the psychological reasons behind these phenomena;

(iii) examine how an urbanisation programme that incorporates ecological values
and goals can impact local well-being; and

(iv) explore ways to effectively operationalise positive outcomes for both people

and nature in urban development.

While the focus of this study is on a specific country and site, particularly for
objectives 2-4, the overarching aim is to develop frameworks and conceptual
approaches that can be broadly applied to various economic developments and their

associated ecological mitigation and compensation efforts.
1.4 Thesis Outline

This thesis comprises an introduction, four main chapters, and a discussion chapter.

Following this introductory chapter, the thesis is structured as follows:

Recognising a knowledge gap in the literature regarding China’s ecological
compensation and NNL policy (Bull & Strange, 2018), Chapter 2 offers the first overall
review of China’s ecological compensation approach, defined as reactive,
disincentive-based compensation for contemporary ecological impacts caused by

development activities (see Table 2.1). I conceptualise how compensation and NNL



are regulated in China, evaluate the compensation practices of developers and local
governments, and provide policy recommendations based on established
international best practice principles for ecological compensation and NNL

implementation.

Building on the context provided in Chapter 2, I then conduct an in-depth case study
using Qunli New Town (Chapters 3 to 5). In Chapter 3, I explore how residents
perceive local environmental changes, discussing the reasons why people may
misperceive them. I propose a framework that expands the concept of shifting
baseline syndrome by integrating cognitive mechanisms underlying environmental
misperceptions. This framework not only addresses misperceptions related to nature
loss but also considers those related to environmental recovery. I demonstrate the
utility of the framework in Qunli where I examine the role of experience of the place,
information sources, and socio-demographic features on respondents’ accuracy of
perceptions. Analysing the qualitative interview data, I also propose a framework of
errors of ‘omission’ and ‘commission’ to outline the cognitive reasons behind

deviated perceptions of environmental baselines.

In Chapter 4, I assess how environmental changes in Qunli have impacted local well-
being, taking into account the dynamic effects of shifting baseline syndrome. Using
locally-defined, environmentally-based well-being indicators derived from
stakeholder interviews, I measure the long-term impacts of the new town's
establishment on well-being through an ex-post baseline comparison survey. This
survey evaluates perceived changes in well-being following the Qunli urbanisation,
which took over 10 years. Additionally, I analyse variations in residents’ perceptions
of fairness in relation to their socio-demographics, including their status as different

waves of settlers in the area.

In Chapter 5, I review the social impact assessment policies and standards of key
financial institutions worldwide and critically evaluate the long-standing vyet

underexplored ‘social mitigation hierarchy’ (SMH) approach which has been long



embedded in multilateral and international safeguards yet to date never formally
substantiated. I use semi-structured interviews to understand the negative well-
being impacts associated with the Qunli urbanisation and its ecological mitigation,
and explore relevant impact mitigation measures with local stakeholders. Based on
this information, I provide guidance on how the SMH approach can be effectively
implemented to operationalise development projects towards the global nature-

positive and people-positive aspiration (Obura et al., 2023).

Finally, in Chapter 6, I integrate the key strands from the preceding chapters of this
thesis, revisiting the original aim and objectives of the research. This chapter outlines
the novel contributions made by the study and highlights the cross-cutting themes
that have emerged. Additionally, I critically assess the limitations encountered and

propose directions for future research.
1.5 My Positionality

Grounding social research in the interpretivist tradition, sociologists, anthropologists,
and human geographers normally approach people as subjects, aiming to
qualitatively investigate the ways they perceive the world in as near to their own
terms as possible, privileging depth over breadth. In contrast, economists and
psychologists usually take a positivist view, applying quantitative and more objective
approaches (e.g., pre-determined well-being scales) to achieve breath of insights, via
representativeness. This interdisciplinary thesis analyses social data collected with
both interpretivist and positivist epistemologies; semi-structured interviews are
paired with large-scale surveys to produce mixed-methods research designs, thereby

reaching both breadth and depth of insights.

When carrying out social studies to survey the social world, the relationships between
researchers and subjects are interactive, and a researcher’s positionality, defined as
their unique combination of social identities (e.g., background, education, expertise,

experiences), can bias their epistemology (Takacs, 2003; Moon et al., 2019). Since my



positionality will have uniquely affected the knowledge this thesis produces, it is
essential to practice reflectivity, as it can demonstrate how I interact with people and
places, which influences how I explore, gather, synthesize, interpret, and
communicate information (Moon et al., 2019). Thus, the following sections present a
brief reflection on my social identities, and my intellectual position and conservation

philosophy, with reflections on how they may influence the research process.
1.5.1 My Social Identities and Background

I grew up in the city centre of Harbin, China. As a child, I witnessed significant
environmental changes in the city, including the expansion of Daoli District, where
wetlands were transformed into the new Qunli New Town. Throughout this landscape
transformation, I observed the underlying environmental costs and how such
developments could impact local stakeholders’ livelihoods and well-being, including
farmers whose land was acquired for urban development or related ecological

mitigation and compensation.

I studied economics as an undergraduate in China, with my epistemology firmly
rooted in positivism. Motivated by my interest in ‘planetary boundaries’, I pursued a
master’s degree in environmental economics in London to explore how market-based
approaches could help address environmental challenges and support a transition
towards a ‘safe and just space for humanity’. During my time at the London School of
Economics, I developed an understanding of compensatory conservation tools (e.g.,
biodiversity offsets in the UK) to address global biodiversity loss. This journey also
led me into the fields of behavioural economics and the science of well-being,
exposing me to diverse epistemologies. Courses on ‘environment and development’

further fuelled my passion for understanding and addressing inequality and injustice.

During this period, I began to move away from my previous philosophy of knowledge,
recognising that social-ecological problems are contextually situated and that there

are no one-size-fits-all solutions. My experiences in both China and the UK have



provided me with a diverse cultural and academic lens, which shapes my
understanding of environmental and social issues. This dual perspective enriches my

analysis but also introduces potential biases.
1.5.2 My Intellectual Position and Conservation Philosophy

My social identities and experiences have driven me to seek effective and socially-
just ways to save the planet. I support market-based approaches not only for their
cost-effectiveness and economic efficiency but also for their practical value in
providing real-world solutions. This does not mean I oppose transformative change -
I firmly believe it is crucial for successfully delivering the GBF - but the urgency of
conservation requires us to find a pragmatic middle ground. Overall, while idealism
can be a catalyst for radical change, I believe we should not let perfection be the

enemy of progress.

Fig. 1.6 presents my results from ‘The Future of Conservation Survey’ (Sandbrook et
al., 2019; https://www.futureconservation.org). It indicates that I lean more towards
‘conservation through capitalism’ than most conservationists. This can be largely
attributed to my identities and background. Furthermore, I believe that the natural
sciences play a crucial role in developing conservation strategies, such as informing
the selection of biodiversity components to compensate for development impacts.
However, I think these programmes should be tailored to local contexts, taking into
account the perspectives and priorities of local stakeholders, and should not result in

injustice or negatively impact people’s well-being.
1.5.3 Advantages and Limitations

Insider/outsider status is recognised in social studies as an essential aspect of
positionality. As a native of the city under study, Harbin, my familiarity with the
Chinese language, the Harbin dialect, and other related social contexts gives me an
advantage in surveying local communities about academic concepts (e.g., human

well-being, shifting baseline syndrome) in ways that are meaningful within the local
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Fig. 1.6: My results from ‘The Future of Conservation Survey’. a. People-centred
conservation (relating to the role people should have in conservation, as active participants,
stakeholders, and potential beneficiaries). b. Science-led ecocentrism (regarding the
appropriate role of science in conserving species and ecosystems for their intrinsic value). c.
Conservation through capitalism (concerning the desirable role of corporations and market-
based approaches in conservation).

context. However, I am also aware that my background and education may

inadvertently introduce biases into the study (i.e., investigator effect).

To minimise the investigator effect as much as possible, I employed three local
research assistants who have lived in Harbin for multiple years or decades. They are
all fluent in both the Chinese language and the Harbin dialect, and they represent
different social groups: one is a low-income senior male who has lived in the city since
birth, another is a middle-income middle-aged female who moved to the city two
decades ago, and the third is an unemployed male student who moved in more

recently.

The aim of employing local research assistants was to make participants more
comfortable when responding to the semi-structured interviews and questionnaires,
particularly as I am collecting information from diverse social groups (e.g., age,
income, and years living in the study site; Newing et al., 2011). Additionally, the local
research assistants were instrumental in defining certain terms in ways that resonate

with local contexts, such as ‘environmental change’. They also played a crucial role
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in the translation and back-translation exercises carried out during the research

design and data analysis phases.

In general, this study adopts a pragmatist research paradigm, which means it is
guided by the principle of ‘what works’ and that research should be contextually
situated rather than committed to a single philosophical position, with questions
being addressed through interdisciplinary research (Creswell, 2009; Scott & Marshall,
2009; Robinson, 2011; Moon & Blackman, 2014). To conduct the interdisciplinary
research in this thesis, I draw on various fields, including anthropology, sociology,
psychology, economics, and policy studies, in addition to biology and ecology. Since
I cannot possess all the skills and knowledge in each field, the way I integrate ideas
and methods from different disciplines may not be perfect. I acknowledge that
researchers with a deeper and more thorough understanding of these fields might
recommend alternative approaches to integrating ideas and methods to answer the

research questions.




CHAPTER 2

ANALYSING THE OUTCOMES OF CHINA’S
ECOLOGICAL COMPENSATION SCHEME

Abstract

Over the past three decades, China’s government has implemented many projects
under its ecological compensation policy, including paying compensation fees for
habitat creation to redress natural habitat losses caused by development. However, a
critical evaluation of both the policy design, and its ecological outcomes, has not
previously been carried out. I assemble diverse data sources to provide the first
evaluation of China’s eco-compensation policy and practice, identifying several
challenges. In policy, the pricing of forest restoration fees is insufficient in several
provinces, and there is no requirement for use of biodiversity metrics or for ecological
equivalence of compensation and losses. In practice, only 23% of a sample of 31
developments applied quantitative biodiversity metrics, and fewer than 1% of China’s
local governments have disclosed information regarding compensation
implementation. Thus, to improve the validity of its compensation policy and
practice to better secure biodiversity, China may need to embrace higher
compensation standards, having first prevented ecological losses where possible.
Equally important, China may also need to improve compensation governance for

data tracking and conservation effectiveness monitoring.



2.1 Introduction

uman overexploitation of land and natural resources has been identified

as among the most substantial anthropogenic drivers of biodiversity loss

(Maxwell et al., 2016; Newbold et al., 2016). As humanity endeavours to
remain within a safe operating space defined by planetary boundaries (Rockstrom et
al., 2009; Diaz et al., 2019), compensatory conservation has become a widely
employed approach to reconciling potential losses caused by economic development
with goals for nature (Maron et al., 2018; Damiens et al, 2021a; Simmonds et al., 2022).
Compensatory actions are the last steps of the biodiversity ‘mitigation hierarchy’,
which should be implemented after the preventative steps of avoidance and
minimisation (McKenney & Kiesecker, 2010; Gardner et al., 2013; Arlidge et al., 2018).
Over 100 countries globally have incorporated, or are incorporating, compensatory
actions to mitigate biodiversity impacts into their national environmental policies,
according to the Global Inventory on Biodiversity Offset Policies database (IUCN,
2019). Compensatory actions mitigate and compensate for negative impacts on
biodiversity associated with a given development project by enhancing biodiversity
elsewhere, typically seeking an overall outcome of no net loss (NNL), and preferably
a net gain (NG), in biodiversity. How compensatory actions and NNL/NG goals are
institutionalised and implemented to address development impacts varies between
countries (Maron et al., 2018). Yet there has been little quantitative work exploring

China’s ecological compensation policy and its implementation in China.

Filling this knowledge gap is important because nowhere is the potential trade-off
between economic development objectives and biodiversity protection more extreme
than in China. One of the world’s mega-biodiverse countries, China’s fast
urbanisation and industrialisation after market reforms starting in 1978 has fuelled
an approximately thirtyfold increase in GDP per capita and lifted 850 million people
out of poverty (World Bank, 2022), but it has also brought tremendous costs for the

natural environment. Developments have destroyed a great number of natural



habitats, including forests, grasslands, and wetlands, resulting in massive
environmental losses: For instance, within China’s Pearl River Delta, 1,518 km? or 26%
of the natural habitat and 760 km? or 42% of the local wetlands were lost from 1992
to 2012 (He et al., 2014). Over the last decade alone, China has undergone the most
rapid infrastructure expansion observed in human history - it has been estimated that
China consumed more concrete in 2011-2013 than the USA did in the entire 20th
century (Smil, 2016).

To reverse ecosystem losses, in the late 1990s and early 2000s China’s government
gradually launched a comprehensive national eco-compensation strategy with a
number of subsidiary policies and programs, with the primary principle of
internalising both positive and negative environmental externalities of human
activities (Shang et al., 2018). The strategy has supported a steady increase in habitat
area in China; for example, China’s forest area (% of land area) has increased from
18.9% to 23.4%, according to the World Bank. Based on this primary principle, in a
broad sense China’s eco-compensation strategy encompasses both reactive and
proactive measures for redressing environmental losses caused by economic activities,
both legal and illegal, which have both taken place in the past and are currently
ongoing (Table 2.1). Understanding the policy landscape in China is complicated by
different nuances in the usage of the word ‘compensation’: but the first type of
compensation measure in Table 2.1 is close to the ‘compensation’ or ‘offsetting’ tools
applied elsewhere, such as the ‘biodiversity offset’ of Australia, ‘compensatory
mitigation’ of the US, and ‘conservation offset’ of Canada. This type of measure is the

focus of this study, which I will refer to as ‘compensation’ from here on.

To implement compensation to counterbalance development impacts, China has
designed and established a compensatory mechanism, including the forestry
vegetation restoration fee (FVRF), grassland vegetation restoration fee (GVRF), and
wetland restoration fee (WRF). FVRF was launched through China’s first Forestry Law

in 1998. It was the earliest developed and, to date, the most widely applied



Table 2.1: The multiple meanings of ‘eco-compensation’ in China’s policy mix. In this chapter I focus on eco-compensation measure

type 1 (compensation for contemporary development impacts).

Eco-compensation measure Description Externality Liability Example
) Reactive, disincentive-based ) )
Compensation for . Forest vegetation restoration
compensation for legal, . Polluters/developers
contemporary development . Negative L fee (Madsen et al., 2010; OECD,
. contemporary, attributable pay for public interest
impacts . 2016; IUCN, 2019)
impacts
) ) Proactive compensation for both Yangtze river protection and
Compensation for previous . . . Governments pay for i .
. (previously) legal or illegal, past, Negative o restoration action (World Bank,
development impacts oo ] . public interest
indirect, diffuse impacts 2022)
Grain for Green (also known as
Proactive, incentive-based Conversion of Cropland to
Payments for ecosystem . . L Governments pay, .
. compensation for previously Positive . Forest Program) (Liu, 2002;
services . L providers get
permitted, long-lasting impacts Song et al., 2021; World Bank,
2022)
Compensation fees or
. . Reactive compensation for illegal, rehabilitation projects for illegal
Compensation for illegal . . Offenders pay for o . .
contemporary, attributable Negative activities such as illegal fishing

use of natural resources

impacts

public interest

and illegal land reclamation
(Kong et al., 2021)




compensatory instrument in China. Given that it incorporates a legal commitment to
realising NNL of forest cover alongside development activities, FVRF is also
internationally regarded as China’s principal NNL instrument (Madsen et al., 2010;
OECD, 2016; IUCN, 2019). The reason that FVRF has been broadly implemented is not
just because of its early adoption, but also as a result of China’s prioritisation of forest
protection and afforestation as a primary focus for the provision of regulating services
and promotion of sustainability on land. Intensive afforestation and forest
restoration measures have been launched since the mega-floods in 1998 exacerbated
by soil erosion and siltation, which swept through many of the country’s major rivers,
including the Yangtze, Songhua, Nen, Min, and Pearl rivers (Lang, 2002; Zhang &
Wen, 2008; Du et al., 2019). Moreover, afforestation and forest restoration programs
have contributed to reducing China’s long-standing issues with regional sand and
dust storms in the dry north and rocky south arising from denudation and

desertification (Wang et al., 2010; Bryan et al., 2018; World Bank, 2022).

Despite the widespread application of China’s compensatory mechanism (the first
approach in Table 2.1), there has been little to no research into the outcomes and
efficacy of these compensation policies. Previous studies published in Chinese
focused on compensation for past development impacts, incurred before
environmental issues were more seriously addressed by government (i.e., the second
type of compensation shown in Table 2.1), especially in protected areas or ecosystems
of high conservation priority (Liu et al., 2022). Although massive developments and
associated compensatory activities are currently occurring in China’s urban and semi-
natural rural areas, their scale and mechanisms have not yet been comprehensively
explored. Additionally, discussions around China’s compensatory mechanisms are
topical; in 2021 China’s central government has made commitments to increasingly
prioritise biodiversity conservation in future development, to enhance its ecological
compensation method for better redressing the consequences of removing natural

habitats, and to seek better approaches to assessing the biodiversity impacts of



development activities, such as construction and mining (State Council, 2021a &

2021b).

[ address three research questions in this study:

e How is compensation conceptualised in China’s policy?
e How does compensation work in practice in China?
e Can China learn from international best practice in compensation to enhance its

compensation approach, better securing its national biodiversity?

Investigating China’s compensation policy and practice can help elucidate whether
China’s long-standing compensation approach supports or clashes with China’s other
or more recently set biodiversity goals and commitments. For example, China has an
overall conservation goal of “maintaining biodiversity”, as indicated in its Forestry,
Grassland, and Wetland Protection Laws (MEE, 2021a, 2021b, & 2022). The Forestry
Law also requires the forest compensation fees collected to provide sufficient
revenues for developing the same area of forest elsewhere as has been lost. However,
how China’s compensation fee approach works has not yet been studied. Additionally,
although compensation has been implemented in many countries, including the US,
Australia, Germany, and France, in each case, the ecological outcomes of previous
compensation programs have been mixed (Bull & Strange, 2018; zu Ermgassen et al.,
2019). Given this lack of consistent progress, it is crucial to evaluate the outcomes of
compensation in different contexts. As major global financial flows and policy efforts
are currently being directed towards compensatory actions and biodiversity
restoration, evidence from China can contribute towards developing a general
understanding of whether and when compensation can be effective. To address the
proposed research questions, I review the compensation system being used in China
and link it with the desired conservation goals proposed in China’s legislation - I then
discuss the approach China is taking in the context of the fundamental ecological

principles required for effective compensation.



The remainder of this study is constructed as follows. The next section discusses the
materials and methods used for evaluation. Then, I present my results to answer the
three proposed questions in order: (a) how China conceptualises ecological
compensation, (b) how China practices ecological compensation, and (c) how China
can improve based on what I found in (a) and (b). Finally, I conclude with a summary

of policy suggestions and recommendations for future work.
2.2 Materials and Methods

This study takes a process-based approach to analysing the outcomes of China’s
compensation. Because the concept of compensation is interpreted heterogeneously
in different contexts around the world (Damiens et al., 2021b), before carrying out an
assessment of its outcomes, I first conceptualise compensation in China and review
previous compensation literature, in order to develop a set of indicators to assess

compensation in a way that is meaningful in China’s context.

1) Review of policy, regulations and government documents relevant to China’s
compensation mechanism. Due to the lack of public information about China’s
compensatory mechanism, I collected information from different sources to provide
the first overview of how the compensatory mechanism works in China. I reviewed
two sets of government documentation at both central and local levels. First to
understand the mechanisms behind how China’s compensation policies function, I
reviewed all relevant policy, regulation publications and other relevant government
reports provided by the central government, including Forest Vegetation Restoration
Fee Levy, Use and Management Provisional Measures, and Guiding Opinions on
Formulating Conditions for Restoration of Vegetation and Forestry Production, as well as
relevant policy papers published by China’s 31 provincial-level governments, through
searching on the 31 provincial-level governments’ official websites using the keyword

of forest vegetation restoration fee (senlin zhibei huifufei).



2) Sampling of developers’ environmental impact assessment (EIA) reports that recorded
developments’ Dbiodiversity impacts. 1 identified the biodiversity indicators
implemented in Chinese compensation plans using developers’ EIA reports. To my
knowledge there is currently no official database that records all EIA reports in China.
Some EIAs have been collected in some voluntary document-sharing databases, such
as Doc88 (Daokebaba) (https://www.doc88.com). However, the database is not
systematic; it provides a sample of reports that were uploaded by database users. I
used the keyword of ‘environmental impact assessment reports’ (huanjing yingxiang
pingjia baogao), to screen complete EIA reports on this database. Thirty-one
economic development projects were selected from a total of 500 results; I first
removed all incomplete reports (e.g., documents that only present half or one module
of the entire assessment) and then manually selected projects whose titles contained
keywords regarding infrastructure or real estate development (e.g., housing, hospital,
road, railway) to present the developments that are most likely to be associated with

ecological impacts.

The number of development projects I collected may not generate a full picture of EIA
in China, given the massive scale of China’s development (Smil, 2016). In order to
make my results as generalisable as possible, I sampled projects that covered different
development types and geographical regions: out of China’s 31 provincial-level
administrative regions, I included a total of 31 developments projects across 15
regions with 13 provinces and 2 municipalities, which covered 6 types of

developments (from housing to bridge construction, see Section 2.4.1).

3) Understanding China’s compensation system through exploring local government
disclosures. Some EIA reports also contain some compensation practices planned
voluntarily by developers to improve the likelihood of the projects being permitted
by the planning authorities, and possibly to reduce the cost of restoration fees paid
to the government (or increase the size of their rebate). This information is also

shown in Appendix B. Yet, most of China’s development and compensation practices



are carried out independently: compensation practices are mostly completed by the
forestry and environmental authorities using the restoration fees they have collected.
I thus searched Baidu, the biggest Chinese search engine, with the keyword of ‘forest
vegetation restoration fee’ (senlin zhibei huifufei), ‘grassland vegetation restoration
fee’ (caoyuan zhibei huifufei) and the many translations of ‘expense’ and ‘spending’
(including huafei, zhichu, and shiyong) and the domain name of ‘gov.cn’. The search
was performed between November 2021 and January 2022. I reviewed a total of 1,315
pages and identified all government pages that documented government spending
financed through the restoration fee and compensation implementation practices. I
screened out the pages simply recording the charging requirements and general
information about collection and transfer of the fee, and ultimately identified 10 local

governments which had released the required information.

4) Evaluating China’s forest vegetation restoration fee. I also aimed to see if the prices
paid by a developer to compensate an area of natural habitat loss induced by its
development project enable the recreation of the same area of natural habitat
elsewhere. This study investigates the price levels of China’s most widely applied
compensation fee, the FVRF (Jeffrey & Qi, 2012; Gong et al., 2014; Zhen & Zhang,
2011), to see if the prices used can actually cover the total costs needed to enable NNL
of forest areas in the same region. I thus calculated the unit cost of forest investment
from 2016 to 2018 using different regions’ annual total investments in forests, and
the yearly increase of afforestation areas in each region, collected from China’s
National Statistics Data from 2017 to 2019 (http://www.stats.gov.cn). The
investments in forest development, as claimed by the government, involve
investments in degraded forest restoration and compensation, forestry planning and
development, forestry loss prevention, and other forestry management activities. The
yearly increase in afforestation area includes the increases from all the means used
to develop forests, including both creating new forests and restoring degraded forests.
The data published from 2020 are no longer applicable to the analysis because the

statistical accounts changed, with the government spending in grassland



development merged with its spending in forest development. The data on gross
regional product (GRP) per capita across China from 2016-2018 were collected from
the nation data page of National Bureau of Statistics of China

(https://data.stats.gov.cn).

The measurement of total investment in forest management reported by the
government is used to estimate the sum of all the costs spent, including both explicit
reforestation costs and implicit transaction costs (e.g., misappropriation), to deliver
reforestation. The details of how such investments by China’s government have been
spent in different regions are usually impenetrable or unavailable, and China’s
forestation funds are in practice allowed to be used to deliver a wide range of natural
capital benefits for people’s well-being in addition to habitat compensation. Here, I
aim to reveal how much input (i.e., total spending on forest development) is required
to be invested to realise the expected nature-related output (i.e., NNL of forest area)
without unpacking the black box of government spending, and to compare the unit
costs with the current FVRF levels in different regions. As information about the areas
of every type of forest land delivered each year is unavailable, a sensitivity analysis is
performed to consider the best, worse, and average situations. The best situation
assumes all the forest development investment was used for developing the type of
forest land with the highest FVRF prices (i.e., arbour forest land, defined in Table 2.2).
The worse situation assumes all the investment went to develop the type with the
cheapest FVRF (i.e., young afforested land). The average scenario supposes all types
of forest land - arbour forest land, bamboo forest land, nursery land, shrub forest land,

sparse forest land, and young afforested land - are developed equally by area.

This quantitative analysis assumes (i) China’s statistical body correctly reports its
investments and forest area increases, and (ii) government spending is the primary
driver of afforestation, due to China’s top-down system within which land and forest
are mostly treated as public property and managed by the government. The analysis

is limited by uncertainty in China’s statistical manuals, such as the lack of description



of the method used to collect and compute data, as well as linguistic uncertainty. For
example, there are no clear definitions of terms such as forestry loss prevention and
forestry management practices. Together with other unclear definitions (e.g.,
“important wetlands”) in China’s policy papers, standards, and laws and regulations
relevant to its compensation approach, it is not possible to analyse its outcomes with
full confidence. I endeavour to make a rigorous assessment, after first understanding
China’s context as well as possible via cross-referencing documents, to reduce any

inaccuracies as far as possible.
2.3 Conceptualisation of Compensation in Chinese Policy

Since China’s first Forestry Law, published in 1998 (followed by the Grassland Law in
2002 and Wetland Protection Law in 2021), China’s central government requires
compensation to be implemented by development projects that remove forest,
grassland, or wetland habitats (Madsen et al., 2010; MEE, 2021a, 2021b, & 2022).
Correspondingly, three mandatory compensatory fees are used to address the
ecological externalities of developments: FVRF, GVRF, and WRF. According to
China’s Forestry, Grassland, and Wetland Protection Laws, the three fees implicitly
have an NNL-like goal; to “maintain biodiversity (weihu shengwu duoyangxing)” (MEE,
2021a, 2021b, & 2022).

Given China’s prioritisation of forest habitat (World Bank, 2022; Xi et al., 2022), FVRF
has become a widely applied measure across China. By contrast, to date, GVRF has
only been used in some regions while WREF is still in its infancy. FVRF uses an NNL
goal — NNL in the area of forest cover undifferentiated by forest type (Madsen et al.,
2010; MEE, 2021a) — while WRF aims to compensate for the loss of “important
wetlands” with the same quantities and qualities elsewhere (MEE, 2022), though
which wetlands are considered important is not yet clearly defined. In contrast, GVRF

to date does not have any explicit NNL target (MEE, 2021b).



China’s government to date has not provided a clear overview of how the
compensatory mechanism works. Therefore, here I summarise the procedure based
on a review of policy papers published by China’s national and local governments and
some case studies across China (Fig. 2.1). After a developer has conducted an EIA and
has been granted consent to construct a development scheme by the government, the
developer must pay restoration fees to the state. Unlike the compensatory schemes
of the US and Australia, developers in China are not required to negotiate prices with
compensation providers, and prices paid to the government are not calculated on a
case-by-case basis, unless they plan to enact compensation by themselves. For
instance, the prices applied in FVRF are set via a unified approach jointly by the
China’s Ministry of Finance (MoF) and National Forestry and Grassland
Administration. The prices are estimated to cover the total costs required to enable
full compensation for the lost area of habitat cover in place, disregarding the quality
of that habitat or its ecological functional role or species. For example, in terms of
forest compensation, the estimation of FVRF is based upon the sum of costs of: (i)
ecological survey, design and planning for forest cover regeneration, (ii) afforestation
or reforestation, and (iii) forest management and monitoring. The two central
government bodies published their first compensation prices in 2003 and an update
in 2015 with all price levels increased (MoF, 2015). As the GVRF and WRF have not
yet been as widely applied nationwide as FVRF with clear price levels defined, this

study evaluates China’s compensation fee approach with a focus of FVRF.

In contrast with compensation approaches employed, for example, in the US,
Australia, Germany, and France, China’s compensation policy is underlain by a ‘low-
replaceability’ principle (Koh et al., 2019), that is, they do not have to be ‘like for like’.
According to China’s National Forestry and Grassland Administration’s policy paper
and the national standard (GB/T 15776-2016) Afforestation Technical Regulations,
species used in compensation projects should ensure the restored forest is long-
lasting and resilient to extreme conditions in the area, but ecological equivalence is

not required. The national standard Afforestation Technical Regulations provides a



. P S —
Developzr ‘ % '
| =, Higher-level !
b, |
8 g
e =
Contract m : %
= R e
) of '
gt 1 Lower-level b
. @ a ; :
Compensation “aﬂsﬁ L —
roviders
F GCovernment

Fig. 2.1: Procedure for China’s compensatory approach. (i) A developer calculates the
total restoration fee based on the area of each habitat type and makes a payment to the
government. As different habitats can be managed by different levels of government, the
developer pays the level(s) of government (i.e., forestry and grassland office) that manages
the relevant habitat(s). (ii) The collected fees may be transferred within the government, and
is finally transferred to the local (i.e., county- or district-level) Treasury after a certain period
(e.g., a quarter or half-year). (iii) If the developer eventually clears less habitat area than they
first predicted, or restores some habitat area (e.g., by contracting a compensation provider),
the government needs to refund the corresponding part of the fee. Once the local government
comes up with spending plans and negotiates contracts with providers for sourcing young
trees and for transplantation to create natural habitat(s) and/or restore existing natural
habitat(s), the money is then transferred to the corresponding office to make the necessary
payments. This money can also be transferred from the Treasury to other governmental
bodies for other natural resource management activities such as forestry planning and fire
prevention.

recommended list of species from which compensation practitioners can choose to

develop afforestation or reforestation projects.

It is hard to precisely define ‘forest’ (Sasaki & Putz, 2009), and different countries and
organisations do so differently. China’s government defines ‘forest’ in multiple ways
based on regional context. Table 2.2 demonstrates China’s typologies of forest land
as used in the FVRF instrument, and the standard price levels that developers need to
follow for occupying each type of forest land (MoF, 2015). Within the top-down
governance system, after the central state releases the goals, principles, and
minimum requirements, lower-level governments have the autonomy to make

adjustments based on their local situation. In turn, China’s different provincial-level



governments (i.e., governments of provinces and direct-administered municipalities)
have the autonomy to increase the restoration price levels set by the central state,
after considering the total costs of carrying out the compensatory actions in their

regions.

Table 2.2: Types of forest lands and national standard fees, as set in 2015.

Forest Land Description Standard Fees
(CNY/m2)*
Forest land composed of arbour species
(i.e., trees that have a distinct trunk, with
tree height > 5 m and diameter at breast
Arbour forest land height > 5 cm at maturity), with a crown No less than 10

density > 20%; or a crown density < 20% but
retention rate > 80% with steadily growing
young trees in planted stands.

Forest land composed of bamboos with a
Bamboo forest land . . . No less than 10
minimum diameter at breast height of 2 cm

Nursery land Land permanently used for cultivating tree  No less than 10
seedlings and saplings.

Shrub forest land Land composed of shrubs and/or bushes No less than 6
with a canopy cover more than 30%.

Sparse forest land Arbor forest land, but with a canopy cover ~ No less than 6
of 10%-19%.

Young afforested land  Afforestation land, with no closed canopy, No less than 6
but the actual number of planted trees is no
less than 85% of the planned number

Suitable land for forest®  Land suitable for forestry development. No less than 3

2 CNY (Chinese yuan renminbi) is official currency of People’s Republic of China; 1 CNY = 0.14 USD.

® This by China’s definition includes cut-over lands, slashed and burned lands, glades and other barren hills
and wastelands unsuitable for crops but suitable for trees. This type of land is not considered as a forest land
type in this article.

2.3.1 An Evaluation of China’s Forest Vegetation Restoration Fee

Fig. 2.2 presents an overview of the prices each provincial-level government put on

forest vegetation restoration, as of 2015. Most (74%) of China’s provincial-level



governments set price levels consistent with the minimum price levels released by
the central bodies, while Chongqging sets the highest prices on forest land
compensation on average, at CNY 16/m?. I then calculated the total costs of forest
land development per square meter in China’s 31 province-level administrative units
using national statistics. Fig. 2.3 further presents the ratio of the costs of forest land
development to forest vegetation restoration prices from 2016 to 2018 across China;
aratio >1 means the cost of forest compensation is likely to be higher in practice than
the fee charged to developers. I found that higher price levels enable sufficient
coverage of the costs required for forest development in many regions, such as
Chongging, Guangdong, and Fujian, but not in other some provinces, such as
Heilongjiang and Zhejiang. In particular, the costs of implementing forest
compensation in some economically developed regions such as Beijing and Shanghai
are much higher than in other places (Fig. 2.4, Appendix B), while the prices set in

these places are too low to cover these costs.
2.4 Delivery of Compensation in Practice
2.4.1 Impact Assessment and Compensation on the Development Side

In practice — as is common for good practice biodiversity impact mitigation globally
— development projects in China are legally required to first identify and prevent
development impacts on irreplaceable ecological components, following such
regulations as the List of endangered and protected species of China and the ‘no-go’
areas where development impacts are not permitted as determined by China’s
ecological redline policy (Xinhua, 2017; Bai et al., 2018; Jiang et al., 2019). The
redlines identify areas that provide key ecological functions as well as ecologically
sensitive and fragile areas. Developers can design compensation schemes in their
environmental impact assessment (EIA) reports in order to gain governmental
consent for their projects. The 31 development projects I sampled consist of 11
housing developments, 8 road constructions, 7 hospital buildings, 2 railway

infrastructures, 1 school development, 1 bridge project, and 1 dam construction. All
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Fig. 2.2: An overview of FVRF in China’s 31 administrative divisions, as set in 2015. Mean of the seven price levels of FVRF applied in each
provincial-level administrative region in China, calculated based on 31 regional policy papers; most provincial-level governments set the fees
for all the sub-regions under their command, except that Guangdong Province set more detailed price levels for its sub-regions.
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Fig. 2.3: Cost-price ratios for forest development in China’s 31 administrative divisions. The ratio of the total provincial government
spending on forest development in each region to the price levels applied in China’s FRVF in 2018 under the average-case scenario. The full
result of a sensitivity analysis considering best, average, and worse-case scenarios is presented in Appendix B. The current price levels renewed
in 2015 were less than the cost of compensation - which includes, if any, government corruption and misappropriation - in some regions
including Beijing, Shanghai, Guangxi, Jiangsu, Shandong, Tianjin, and Heilongjiang. Suitable lands for forest (Table 2.2) are not considered in
this analysis.
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Fig. 2.4: Relationship between total cost of forest development and GRP per capita in
China. Three-year mean of total cost of forest development and GRP per capita from 2016 to
2018 in each provincial-level administrative region (mean: black line; 95% confidence
interval: grey shaded area). In general, developing a given amount of forest is more expensive
in economically more developed areas (e.g., Beijing).

the projects have been permitted by the local authorities, though the Jiasajiang Level

1 Hydropower Station project has now been postponed due to a public lawsuit.

As shown in Fig. 2.5, most (77%) of the cases studied did not employ any quantitative
biodiversity indicator, as this is not a requirement for developers. In 45% of cases, the
report describes “low levels of biodiversity on the development site” or “no protected or
endangered animals or plants have been found”, with the EIAs concluding with
statements such as “biodiversity (or the natural environment) has not been affected”, or
“the influence on biodiversity (or the natural environment) is negligible”. 32% of the EIA
reports listed the names of affected family, genus, or species only; for example, the

Chinese sumac (Rhus chinensis), the Chinese parasol tree (Firmiana simplex), magpies
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Fig. 2.5: Characteristics of sampled EIA reports. Panel a demonstrates how developers characterise biodiversity. Panel b shows what types of compensatory
actions are planned. Section c shows differences between EIA reports that (i) identify some (13%) or no impacts on protected species or habitats (87%), and (ii)
methods used for biodiversity measurement, and (iii) types of compensatory schemes. If impacts on protected ecological elements are not identified, EIAs
tend to employ less detailed biodiversity measurements and come up with less complicated plans for compensations. ‘Simple measurements’ means recording
names of affected family/genus/species with or without an indication of the area of biomass/habitat lost. ‘Complex measurements’ means an assessment that
includes more detailed indicators, such as species abundance. ‘Simple schemes’ include compensations that only deliver tree planting or urban greening.
‘Complex schemes’ include schemes including other compensatory actions (e.g., fish ladders).



(Pica pica), or sparrows (Passer montanus). 10% of them incorporated an additional
quantitative indicator of biomass or habitat area loss, while 13% carried out a more
detailed assessment. For instance, the EIA report for Jiasajiang Level 1 Hydropower
Station applied biodiversity indicators including forest patch indices, habitat area,
primary productivity, biomass loss, species traits, and species abundance. In EIAs
which reported no impacts to important species or habitats (87% of cases), there was

a clear trend towards using less complex biodiversity indicators.

Developer-led compensation practices tended to mix habitat-level activities with
more elaborate landscape-level practices. Among all my sampled EIAs, 71% planned
to carry out tree planting or urban greening projects, in order to “to some extent redress
development impact” by restoring a certain area of natural habitat. They are
incentivised to replant vegetation and restore habitats on their own to reduce the
risks of developments being rejected as well as to reduce the financial costs of
restoration fees paid to the government. Six per cent of all EIAs planned to conduct
more detailed compensatory actions. For example, the 353 Provincial Highway
(Yangzhou East Section) Project intended to (i) restore onsite grassland using medick
(Medicago) and white clover (Trifolium repens), (ii) restore old and develop new fish
ponds, and (iii) develop an offsite 1035.5-mu (~69 hectare) tree planting project. In
my sample of EIAs, I only identified the implementation of more complex
compensation practices in projects which had identified an impact on protected
ecological elements (e.g., ecosystems, habitats, or species). The one assessment that
reported protected ecological elements but did not apply biodiversity indicators or
design compensation actions was an EIA identifying impacts on one of China’s
protected bird species, magpies (Pica pica). The report concluded there would be no
effect on the species, assuming that they would be capable of finding new habitats by
themselves. In fact, all the EIA reports which identified impacts on birds and reptiles
assumed their unrestricted ability to move elsewhere, with no critical interrogation

of this assumption.



2.4.2 Impact Compensation Delivered by Local Governments

Out of 2,844 county-level governments, I found a total of 10 local governments that
had disclosed information on their compensatory activities (Table 2.3). For example,
Table 2.4 details the specific compensation land-management practices reported by
the Forestry Bureau of Longhui County in 2020. The restoration fees by law should be
spent on development or renewal of natural habitats. In China’s compensation policy,
out-of-kind compensation is legally acceptable, and in practice, devising appropriate,
ecologically-equivalent, in-kind compensation is hampered by the EIA procedure not
requiring developers to use biodiversity measurements. Many local governments’
compensation actions are similar to the developers’ tree planting/urban green
projects, such as a monoculture forest development using the Chinese red pine (Pinus

tabuliformis) in Yangqu County in 2022 (Table 2.3).

Due to China’s flexible replaceability standards, some local governments’
compensation activities have also been designed as nature-based solutions that
provide wider environmental benefits to the economy and society (Table 2.3). For
example, the Forestry and Grassland Bureau of Ganluo County of Sichuan invested its
entire CNY 500 thousand (c. USD 70 thousand) FVRF fund in walnut tree development,
including two enhancement projects that covered in total 1,700 mu (~1.13 hectares),
because the walnut industry is a means to reduce poverty and support local people’s
livelihoods (Cao et al., 2016). The Forestry Bureaus of Yongxing County and Longhui
County of Hunan also implemented a range of different compensation measures
which generated local livelihood opportunities, including spending part of their
restoration fees on developing a base for Camellia (Camellia oleifera) cultivation and

enhancing the quality of Camellia forest in order to improve its yield (Table 2.4).
2.4.3 Compliance and Monitoring

According to China’s Forestry and Grassland Laws, the funds generated by

compensation fees must be spent on: (i) ecological survey, design, and planning, (ii)



habitat restoration and development, and (iii) conservation management and
monitoring. China’s National Forestry and Grassland Administration’s policy paper
Guiding Opinions on Formulating Conditions for Restoration of Vegetation and Forestry
Production, and Standards for Replanting of Trees also suggests that compensation
work should be done to provide additional benefits that would not have been
delivered if the compensation had not been implemented, in order to reverse trends
of environmental degradation. Otherwise, their spending will be regarded as the
misuse or misappropriation of compensation funds; for example, in 2011, the
Forestry Department of Xinjiang Autonomous was adjudged to have misappropriated
CNY 4.24 million from the FVRF fund to pay expenses for the work of the department
and its subordinate units (Wang, 2012). In the case study of Longhui County in Table
2.4, it is not immediately clear why programs of “forest highway development” and
“building/maintaining the Centre for Forest Public Security, Resource Protection and Case
Handling” should be considered additional conservation actions rather than

misappropriations.

Yet, because of the lack of transparency in reporting by local authorities, it is difficult
to assess whether many of China’s compensation activities deliver additional benefits
in the long term. On the biodiversity loss side, not all EIA reports are made
transparent, or at least easily accessible, to the public; to my knowledge there is no
online database containing developments’ full EIA reports for public scrutiny. Thus,
it can be difficult for the public to understand how a development project might affect
biodiversity before the development is carried out. On the compensation side, other
than the information from the 10 county-level governments assembled in Table 2.3,
I failed to find any public information on how much compensation payment has been
collected from developers and how they are utilised by the other 2,834 county-level
governments. However, even among the published reports analysed in this research,
there are still large information gaps, such as the specific locations where

compensation takes place.



Table 2.3: Local governments’ compensation practices funded by restoration fees.

Local Agency Year FeeType Expenditure (CNY)? Disclosed Compensation Practice
Forestry Bureau of Mianchi 2018 FVRE 11.14 million Railway greem.ng, 1mprov1.ng the surroundg of Shaoshan forest park, mine land
County, Henan reclamation, village greening/green space improvement.
Financial Burea1‘1 of Fugu 2019 FVRF 940 thousand Barren hills afforestation, subsidy for village greening projects.
County, Shaanxi
Forestry Bureau of Yongxing 2019 FVRF 200 thousand Subsidy of camellia improvement for increasing yield.
County, Hunan
Urban greening, riverside greening, existing wetland protection, old-growth
Forestry Bureau of Longhui 2020 FVRE 4.96 million tree protection, roadside greening, young forest tending, highway .
County, Hunan development for forest accessibility, seedling base development, camellia base
development, building/maintaining forestry management office
Forestry and Grassla.nd Bureau 2020 FVRF 500 thousand Walnut tree planting.
of Ganluo County, Sichuan
Dunhuang Natural Resources Monoculture grassland planting (Onobrychis), pest control, vegetation
Bureau (Forestry and 2020 GVRF 5.30 million restoration with fence building, hiring ranger, making signs and billboards,
Grassland Bureau), Gansu road development in field, publicity of grassland laws & regulations.
Changsha Natural Resources . . . .
and Planning Bureau 2021 FVRE 200 thousand i?;zreelr)jéi?on, afforestation forest restoration, pest control, resource
Wangcheng Branch, Hunan g )
Aksai Kazak Autonomous Fence development, grassland quality improvement, grass seeds purchase
County Grassland Supervision 2021 GVRE 747.10 thousand assland resIe)rvoirs’ ieir settlciln b;,sin ; ipeline la’ ;gn signa ep ’
Station, Gansu &t ’ ’ & » PIP YIng, SIgnage.
Forestry Bureay, Yangqu 2022 FVRF 1.6 million Fire prevention, monoculture forest planting (Pinus tabuliformis).
County, Shanxi
Ordos City Natural Resources
Bureau Dongsheng District 2022 FVRF 1.11 million Afforestation (Prunus armeniaca and Pinus tabuliformis)

Branch, Inner Mongolia

21 CNY =0.14 USD.



Table 2.4: Compensation Case Study: Longhui County, Hunan Province, China.

Number Compensation Programmes in Longhui County?
1 CNYP® 615 thousand was used for improving green coverage in 12 villages
2 CNY 310 thousand was used for riverside greening in 6 villages
3 CNY 823.919 thousand was refunded to a wind power development due to project
cancellation
4 CNY 1963.881 thousand was used for Wetland Protection in Weiyuan Lake

Wetland Park; actions included forest protection project design, forest fire
prevention, forest resource database construction, and forest pest control

5 CNY 70 thousand was spent for old-growth tree protection in two villages

6 CNY 347.2 thousand was used for roadside greening

7 CNY 20 thousand was invested into management of young forest in Qinglongjiang
Village

8 CNY 500 thousand was used for a forest highway development to provide

improved access to forest areas for logging, afforestation and forest protection

9 CNY 50 thousand was used for seedling production in the Shouzhu Garden

10 CNY 100 thousand was used for the development of a base for cultivation of
Camellia

11 CNY 160 thousand was spent for building/maintaining the Centre for Forest

Public Security, Resource Protection and Case Handling

 Longhui County is located in Shaoyang City within Hunan Province. It has more than 200 families and
over 1,000 species of vegetation. The county is a national-level production base for pepper, tea, and
oranges. In 2019, the County’s CNY 4.96 million forest vegetation restoration fee was invested into
forest development in the area. This information is collected from the documentation released by the
government of Longhui.

®1 CNY =0.14 USD.

2.5 Learning from Best Practices in Compensation

China’s compensation policy is based on a restoration fee system applied nationwide.
My analysis of China’s forest vegetation restoration fees suggests that it is likely that
compensation prices are insufficient to cover the costs of forest development in
certain regions (Fig. 2.4). This in turn suggests that the fees in these regions should

be set higher to cover the actual costs of compensation, or the policy will not deliver



on its aim of NNL of forest cover. A compensation target (e.g., NNL of forest cover)
may not necessarily be fulfilled only through one restoration fund, and it is common
practice in China’s political setting that, even if local governments stick to the
insufficient price levels of FVRF, the residual costs of forest development can still be
covered by other restoration funds transferred horizontally from other government
revenue (e.g., from other taxes) or vertically from the central state. This may explain
why China has still experienced an increase in forest area despite these issues with
the current price levels. Yet, the economic theory behind compensation is ‘polluter
pays’, which accords with the ethical basis of China’s compensation approach (Table
2.1). Thus, though China’s current strategy appears to be leading to the desired
compensation results, China’s government may still need to consider revising its
price levels, not only in order to increase the finance available for compensation, but

also for increased economic efficiency within the system.

However, before raising the fees, the apparent disparity between forest restoration
fees and restoration costs must be investigated. For example, the disparity in more
affluent regions such as Beijing and Shanghai could relate to less purchasing power
(e.g., higher land prices), more costly afforestation practices (e.g., implementing
more polycultures instead of monocultures only), or systematic issues like
administrative corruption. It could be that simply raising fee levels might lead to
better conservation outcomes, both through improving funds for compensation and
as a financial disincentive to clear land and an incentive for active compensation.
However, it is ethically and economically important to more clearly understand which
costs should be shouldered by the developers, versus those which should be mitigated
through other measures, such as addressing misappropriations of the restoration

funds (Maron et al., 2016).

If prices are increased to meet the actual costs of carrying out restoration, China’s
restoration fee system could be an effective and efficient method for redressing the

natural habitat area losses caused by developments and supporting China’s goal of



conserving and planting 70 billion more trees before 2030 (WEF, 2022). However,
there is still the issue that China’s compensation policy only relates to habitat area
and does not account for a habitat’s quality, functional role within an ecological
network, conservation value, species richness and many other such attributes. In
addition to habitat area, compensation needs to account for such features to realise
its target of “maintaining biodiversity” (Niu et al., 2023). Since China has prioritised
economic development as a developing nation, the government’s long-standing
‘develop first, fix later’ model has situated its compensation policy on top of a ‘weak
replaceability principle’ that assumes two different biodiversity resources are
exchangeable with one another (for example a wetland forest with roadside tree
planting). Thus, to meet the targets set in the central government’s recent
commitments to embed conservation into the economic and social fabric of China
and improve China’s biodiversity (State Council, 2021a), the government may need
to revise its replaceability principle towards the international best-practice standards
of ‘like-for-like’ or ‘like-for-like or better’, whilst strengthening the use of mitigation
hierarchy (Gardner et al., 2013; Bull et al., 2013; McKenney & Kiesecker, 2010).
Embracing higher replaceability standards requires the design and delivery of better
avoidance and minimisation policies that prevent impacts to irreplaceable
biodiversity, followed by a strengthened compensation policy that carefully replaces

all biodiversity losses (not merely habitat cover).

As defined by international good practice, measurability is a fundamental attribute of
biodiversity offsetting (Maron et al., 2016; Bull et al., 2013 & 2016; Baker et al., 2019).
Quantification of biodiversity impacts is an important precursor to precise evaluation
of the performance of compensation and whether or not it meets its conservation goal
(e.g., NNL or maintaining biodiversity). To measurably record the biodiversity
impacts of developments, China’s developers would need to use well-structured
biodiversity indicators that can capture diverse biological components and some
degree of ecological processes behind the habitats (Mayfield et al., 2022). The current

absence of policy requiring the use of robust biodiversity measurement represents a



significant risk to biodiversity, especially when the redline policy cannot recognise
some important areas in a clear and timely manner (Xinhua, 2017; Jiang et al., 2019).
For instance, the EIA report on Jiasajiang Level 1 Hydropower Station recorded many
vital biodiversity components on the development site (Appendix B), including
seasonal tropical forest and green peafowl (Pavo muticus), which is categorised as
Endangered on the IUCN Red List. Though it applied indicators to capture the
biodiversity elements which were present, it assumed that birds can migrate to other
places and thus failed to address the ecological disturbance caused by the
development; for example, flooding of the dam destroying the Red River upstream
area which has been identified as the last habitat for green peafowl in China (Tang et
al., 2019; Wu et al., 2019). Since the biodiverse zone had failed to be officially
recognised within an ecological redline, the development was being implemented and
listed as a key project by the local government. In fact, all the EIA reports I reviewed
assumed that birds and reptiles would not be impacted by the development because
of their ability to find new habitats. Though this may occasionally be true, the case
study shows that this assumption may also permit serious and irreversible

biodiversity losses.

The green peafowl case also indicates the importance of defining biodiversity
indicators using a common and consistent framework. Otherwise, some important
biodiversity effects might unintentionally be disregarded in practice. Currently, since
the compensation policy is devoid of biodiversity measurement requirements, there
is wide variation in the indicators used. However, if there is unrestricted flexibility in
the choice of indicators used to measure a development’s impacts on biodiversity,
there is a great scope for selective reporting that may undermine the conservation of
specific, unreported biodiversity components in order to increase the probability of
project approval (Bull et al., 2014). Additionally, a common indicator framework
could be used to measure biodiversity gains from compensation, whether
implemented by developers themselves or local governments. This can make what is

lost on a development site comparable to what is gained on a compensation site,



producing the ecological equivalence which is missing in China’s compensation
policy but is well established in international good practice (McKenney & Kiesecker,
2010; Quétier & Lavorel, 2011). This is essential for tracking the effectiveness of the

policy in actually compensating for biodiversity losses.

Similar to the current requirement introduced in China’s compensation legislation,
best practice also requires compensation which provides additional and positive
effects on biodiversity (Bull et al., 2013; Overton et al., 2013; Moilanen & Kotiaho,
2018). Evidence is required to prove the effectiveness of compensation practices (such
as fence building in Table 2.3), but currently the compensation information disclosed
is insufficient for researchers to conduct impact evaluations and develop a robust
understanding of policy effectiveness. Furthermore, best practice requires
compensation to persist for at least as long as the adverse biodiversity impacts from
the development project (Bull et al., 2013; Gongalves et al., 2015; Damiens et al.,
2021a). Evaluation of whether compensation persists over time requires time-series
information supported by adequate monitoring (McKenney & Kiesecker, 2010;
Gordon et al., 2015). The current ambiguous disclosures practiced in China impair
compliance monitoring; in compensation systems in other countries, compliance
failures have been found to be widespread (zu Ermgassen et al., 2019; Theis et al.,
2020), and this is, therefore, a concern for China as well. Establishing a public national
offset register supported by well-established biodiversity indicators, including
information on how local governments spend their restoration fees, ex-ante
ecological assessment, and ex-post compensation implementation and outcomes,
would be a major step forward (Hunter et al., 2021; Gao et al., 2022; Kujala et al., 2022).
Additionally, developers should be required to precisely report their compensation
activities in their EIA reports, detailing in a measurable way how these actions are
expected to counterbalance the losses they are generating. These EIA reports should
be made public to improve transparency, helping to identify ecologically-risky
development activities and misappropriations of the compensation funds, and

facilitating improved compensation performance assessment and monitoring.



2.6 Conclusions and Recommendations for Future Research

I provide the first overall evaluation of China’s eco-compensation policy and practice.
Based on the evidence I have assembled, I also provide recommendations for China
to align with international best practices in biodiversity impact compensation. First,
in policy, I found that the pricing of forest restoration fees is insufficient in several
provinces. I recommend these regional governments conduct a more careful and up-
to-date evaluation of the costs required for local forest management and evaluate
whether current price levels should be increased. Also, I found that there is currently
no policy requirement either for biodiversity metrics to be used to measure
development impacts on biodiversity, or for ecological equivalence of compensation
and losses. Thus, I recommend that the central government should consider
legislating for biodiversity impact measurement using a unified indicator framework,
and, if possible, make it compulsory for all development activities. There are many
examples in other countries from which China could draw lessons; for example,
though not perfect, the latest version of the biodiversity metric in the England is an

example for China to learn from (zu Ermgassen et al., 2021).

In practice, without a regulatory safeguard for biodiversity metrics and ecological
equivalence, I unsurprisingly found that only 23% of a sample of 31 developments
applied quantitative biodiversity metrics, drawing on a range of indicator frameworks.
This evidence strengthened my recommendation to make the application of a unified
framework mandatory. Also, fewer than 1% of China’s local governments have
disclosed information regarding compensation implementation. This highlights a key
problem for future studies of eco-compensation in China: publically-available
information in its current form does not permit an assessment of biodiversity losses
and gains under the policy, which hinders a robust assessment of the policy’s

effectiveness at achieving its goals.

Recently, China’s government has strengthened its strategic aspiration to actively

participate in biodiversity governance through collaboration and international



knowledge exchange (State Council, 2021b). The government can meet this aspiration
by improving first its avoidance and minimisation policies, and then improving its
compensation approach. This is important as China’s future development plans are
substantial, and likely to have major biodiversity impacts; a recent estimation
predicts that by 2100, China’s urban area will be 121,199-142,982 km?, 34-58% higher
than the urban area in 2020 (Huang et al., 2022).

Equally, there are some special features of China’s compensatory mechanism which
might be informative for compensation design in other countries. For instance, the
government charges upfront compensation fees and then reimburses developers for
delivering biodiversity impacts which are less than those expected in their EIAs. This
feature differs from other countries’ compensation approaches and could encourage
developers to avoid and minimise their biodiversity impacts at the early stages of
their projects. Thus, future research studying China’s compensation approach could
provide empirical evidence that supports effective avoidance and minimisation,
which are the most critical steps of the mitigation hierarchy (Phalan et al., 2018,;

Milner-Gulland et al., 2021; Bull et al., 2022).

Compensation design also faces trade-offs between biodiversity and social values,
since conservation is not always prioritised over economic development (Taherzadeh
& Howley, 2018; Griffiths et al., 2020; Jin et al., 2021), while the well-being impacts
of development and associated compensatory actions on local people are often
ignored (Bidaud et al., 2018; Griffiths et al., 2019a & 2019b; Jones et al., 2019). Future
assessments of China’s compensation approach could provide understanding of when
and where social well-being has been prioritised and how solutions that work for both
nature and people can be designed and implemented. I found some of China’s
compensation programs in the late 2010s strived for nature-based solutions that help
address livelihood insecurities in some of the most underdeveloped communities.
These practices may have led to less compensation for loss of natural habitats, if ‘like-

for-like’ or ‘like-for-like or better’ compensation is set as the benchmark (Maron et



Chapter 2

al., 2016; Bull et al., 2016; Baker et al., 2019). However, in some situations it may be
preferable to put an emphasis on supporting people’s well-being alongside nature
conservation (Newing & Perram, 2019; Maron et al., 2020; Dominguez & Luoma,
2020). Studying the interaction between human well-being and biodiversity in the
context of China’s eco-compensation practices would provide substantive insights to
support the future design of socially just ecological compensation, particularly given

that China is both a major developing economy and a highly biodiverse country.
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CHAPTER 3

PSYCHOLOGICAL MECHANISMS UNDERPINNING
ENVIRONMENTAL MISPERCEPTIONS

Abstract

Countries worldwide have collectively agreed to halt and reverse nature loss. However,
a poorly understood and systemic challenge to this vision is shifting baseline
syndrome, wherein people misperceive the extent to which nature has been changed,
with erosion of the baseline of what ‘good’ nature looks like over time, either between
generations or for an individual. This can diminish societal expectations for nature
recovery. Here, I propose a framework that incorporates cognitive mechanisms
underlying environmental misperceptions, broadening the conceptual framing of SBS
to include other mechanisms behind misperceptions of environmental change, and
including not just nature loss but also recovery. I demonstrate the utility of the
framework using a mixed-methods study in Qunli New Town, Harbin, China,
consisting of in-depth interviews (N=42) and a population-based quantitative survey
(N=1018). My results show that more accurate perception is associated with gaining
information about an area from personal experience rather than indirect information
sources. Cognitive errors, including errors of ‘omission’ and ‘commission’, were
related to the processes of sensation, attention, learning, thinking, and memory.
Minimising SBS is important to ensure that people affected by environmental change
are able to perceive it accurately, so that they can better respond to it; this is essential
to pursuing resilient, sustainable, and inclusive societies under the Sustainable

Development Goals and the GBF.



“No one will protect what they don’t care about, and no

one will care about what they have never experienced.”

- David Attenborough

3.1 Introduction

ature recovery is a salient topic embraced globally by governments,

businesses, financial institutions, and the conservation sector (Bull et al.,

2020; Locke et al., 2020; zu Ermgassen et al., 2022; Maron et al., 2024). As
nations commit to taking urgent actions to support a nature-positive future (zu
Ermgassen et al., 2022; Maron et al., 2024), it is vital for the general public to be able
accurately to perceive trends in their natural environment, so that they can hold
governments and companies implementing nature recovery to account. The socio-
psychological phenomenon known as shifting baseline syndrome (SBS; Pauly, 1995;
Papworth et al., 2009; Soga & Gaston, 2018), wherein people misperceive the extent
to which nature has been degraded or improved, can diminish societal expectations
and imaginations about how much nature a society wants (Miller et al., 2005;
Ostergren et al., 2008; Soga & Gaston, 2018; Jari¢ et al., 2022), posing a barrier to
realising the transformative change needed to move us back within planetary
boundaries that we have transgressed (Raworth, 2017; Diaz et al., 2019; Richardson
et al., 2023). Therefore, SBS needs to be addressed as part of the path to nature

recovery.

SBS can be personal or generational, namely a change in perceptions experienced by
a person in their own life or between generations; therefore it is mostly
conceptualised as related to someone’s age (Papworth et al., 2009). Previous
literature has largely focussed on research reporting resource users’ perceptions
regarding changes in natural resources, but SBS in principle can occur across diverse

environmental conditions, ecosystems, and stakeholders (Soga & Gaston, 2018), and



its features may differ between societies (particularly if there is rapid social change
accompanying the ecological change). Besides, although SBS provides a logical
explanation for inaccurate reporting of past environmental states, other mechanisms
causing mismatches between perceptions and reality have also been identified, for
example change blindness and memory illusion (Papworth et al., 2009; Daw, 2010).
Additionally, most previous studies set SBS within the context of environmental
degradation. Yet, it is essential also to understand how SBS plays out as nature
recovers given that, in some places, effective conservation action and legislation are
improving the environment for new generations (Roman et al., 2015; Passoni et al.,

2023).

To understand and tackle the mechanisms underpinning environmental
misperceptions is both ecologically and socially important (Soga & Gaston, 2018;
Ford et al., 2020; Swanson et al., 2021; Hidalgo Pizango et al., 2022; Soga et al., 2023;
Soga & Gaston, 2023). Lack of reliable baseline information is recognised as a
fundamental barrier to resolving a broad swathe of contemporary environmental
issues’. Baselines established through inaccurate environmental perceptions can
weaken the validity of participatory monitoring, community-based conservation, and
environmental education (Papworth et al., 2009; Swanson et al., 2021). Socially, it is
vital to understand how environmental change impacts people’s interpretation of the
environment, as this underlies their experiences of and responses to (or lack thereof)
the change (Hackmann & St Clair, 2014; Downing et al., 2019). One immediate
consequence of SBS could be a decreased awareness of environmental degradation,
potentially reducing pro-environmental attitudes and behaviours (e.g., pressure on
government or businesses to undertake restoration actions; Soga & Gaston, 2016 &
2018; Jones et al., 2020). This indifference and inaction in the face of worsening
environmental situations could potentially take a toll on people’s environmentally-
based well-being, for instance, access to fresh water and basic materials, security from
natural disasters, or recreational and cultural benefits (MEA, 2005; Diaz et al., 2006;

Bryce et al., 2016). These well-being effects can be intertemporal or telecoupled



(Agyeman, 2013; Robles-Zavala et al., 2018), such that people who suffer the heaviest
well-being losses are not necessarily the ones who possess inaccurate or inadequate
environmental knowledge. A lack of awareness of environmental improvements could
also be dangerous, by reducing the strength of calls for further nature recovery if
people do not recognise the well-being benefits that it generates (Shoyama et al.,

2013; Hausmann et al., 2016).

For these reasons, researchers have called for better understanding of how people
perceive and recall environmental change (Daw, 2010; Essl et al., 2015; Jari¢ et al.,
2022), and how to prevent and reverse SBS (Soga & Gaston, 2018). However, to my
knowledge, few studies, if any, have explicitly attempted to address this problem.
Also, similar to other interventions in the psychology field, interventions to restore
environmental knowledge can be difficult to scale up without properly understanding
the psychological mechanisms behind misperceptions. To my knowledge, there is
little to no research that explicitly discusses the psychological mechanisms behind
mismatches between perceived and actual environmental change. Together with the
academic need to explore SBS beyond the natural resource context, and consider how
SBS interacts with social change (Soga & Gaston, 2018), I aim to present a framework

that can be applied to study environmental misperceptions in any local context.

3.2 Materials and Methods
3.2.1 A Framework to Study Environmental Misperceptions

I present a framework that conceptualises people’s environmental misperceptions,
drawing on and extending the typology of Papworth et al. (2009), as shown Fig. 3.1.
SBS encompasses generational and personal amnesia (Fig. 3.1b; Papworth et al., 2009;
Jones et al.,, 2020). ‘Generational amnesia’ refers to the phenomenon where
individuals shape their perceptions solely based on their own experiences, and do not
transmit these experiences to succeeding generations. ‘Personal amnesia’

characterises individuals adjusting their perception of what is normal, to the extent
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Fig. 3.1: A conceptual model of (mis)perceptions of environmental baselines within a social-ecological system. a. presents the
environmental trend in a local ecological system; the trend also represents the general trends in area of greenspace, water quality, and fish
species richness in my case study of Qunli New Town and Songhua River (Harbin section); b. describes local people’s multiple (mis)perceptions
of change within the local social-ecological system, within the typology of the four mechanisms for environmental misperception (i.e., SBS
related to generational amnesia or personal amnesia, change blindness, memory illusion).



that even those who encountered different past circumstances come to believe that
present conditions mirror those of the past. However, by definition, SBS also
encompasses ‘change blindness’ and ‘memory illusion’. Change blindness denotes
the perceptual phenomenon wherein individuals exhibit an inability to discern a
change; people can be blind to a change partially or entirely. A memory illusion, a
false recollection of past events, can distort individuals’ perception of the timing,

magnitude, or/and nature of change.
SBS at the societal level

Studies exploring SBS in a social-ecological system need to compare people’s
environmental perceptions with actual environmental data, in order truly to evaluate
the presence and nature of SBS (Papworth et al., 2009). At the societal level, it is
important to answer questions such as who experiences environmental
misperception, what factors (e.g., direct or indirect experience with nature, socio-
demographic and economic characteristics) explain the degree of environmental
misperception, and how do different types of misperceptions take place in a specific
context (Fig. 3.1b). This knowledge could provide valuable insights that can inform

targeted interventions to prevent future or restore past misperception.
SBS at the cognitive level

From the perspective of cognitive psychology, knowing is a process, not a product. To
take my enquiries further into psychological understanding of how cognitive events
drive misperceptions, I apply information processing theory from psychology
(Reitman, 1964; Newell & Simon, 1972; Lindsay & Norman, 1972; Simon, 1978;
Oppenheimer & Kelso, 2015). This theory views the human mind as a processor of
information, likening it to a computer. This widely-accepted metaphor suggests the
human mind receives, processes, stores, and retrieves information. I adopt this theory
to study environmental misperceptions (Fig. 3.2). According to the theory,

environmental stimuli - such as changes in vegetation, water quality, species
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Fig. 3.2: A conceptual model of (mis)perceptions of environmental baselines within a psychological-ecological system. This model,
based on the information processing theory, illustrates how individuals undergoing various cognitive processes may understand a piece of
environmental information differently (Mesulam, 1998; Pisoni, 2000; Solso et al., 2005; Kausler, 2012). This diversity in processing can result
in varied responses when individuals are questioned about the information. The conceptual diagram is not a comprehensive presentation of all
mediational/mental events, or all possible responses from the local stakeholders. Instead, it is for conveying the general cognitive processes
that can lead to SBS and other mechanisms demonstrated in Fig. 3.1.



populations, and landscape alterations — serve as sensory input. From the view of
bottom-up processing, the detected information is then relayed to higher brain areas
for further processing and interpretation. For example, when observing a flower in a
particular habitat, bottom-up processing involves the sensory system detecting
features such as shape, colour, and smell, which are then integrated to recognise the

flower.

Information processing can be top-down too (von Stein et al., 2000; Engel et al., 2001;
Gilbert & Sigman, 2007; Makino & Komiyama, 2015; Teufel & Nanay, 2017). Top-
down processing involves the influence of higher-level cognitive processes, such as
prior knowledge and expectations, on the processing and interpretation of sensory
information. This means that cognitive processes can shape perception, such as by
guiding attention, biasing ideas, and filling in missing information. For example, if
an individual expects to see a certain flower species (e.g., lavender) about which they
have sufficient prior knowledge, their expectations may influence how they pay
attention to other plant species in the habitat, and can affect how they interpret
ambiguous sensory information, leading them to perceive the flower even if it’s
partially obscured (Yuille & Kersten, 2006; 49. Himberger et al., 2018). In contrast, if
the individual has insufficient knowledge, top-down processing can lead to biased
perceptions, such as mistaking sage for lavender, due to the many shared similarities

between the two species in appearance.
Applications of the framework

Understanding people’s environmental misperceptions at the societal level can
inform the design of interventions to restore these perceptions, if the goal is to make
them as accurate as possible. Investigating misperception at the cognitive level can
allow us to understand the phenomenon more fundamentally, guiding the design of
more powerful interventions to address it. When designing interventions,
distinguishing errors of ‘omission’ and ‘commission’ can be helpful (Schacter, 1999,

2002 & 2022). Errors of ‘omission’ include the many cognitive processes that can lead



to losses of ‘information input or storage’, for example, being inattentive or failing to
memorise situations through time. They may also involve blocking, for example, the
‘tip-of-the-tongue’ (or ‘tip-of-the-mind’) syndrome where people know a piece of
information, such as a past environmental feature, but struggle to recall it fully or
accurately (Maylor, 1990; Brown, 1991). Errors of “commission” mean people have
inaccurate knowledge due to a range of biases that distort their recollections of the
past. This might include being subject to misinformation that implants incorrect
knowledge, or being overconfident about their ability to notice and understand

environmental changes.
3.2.2 Case Study Site

I apply my framework to a case study in the Qunli New Town (see section 1.2), where
major societal change has happened (specifically replacement of a rural population
with an incoming urban population as a result of a large urban development), and in
which there has been loss of natural areas, but also compensatory efforts to produce
new and enhanced natural areas associated with the development. This is a novel
setting which allows a more nuanced and complex exploration of the interactions
between societal and environmental change in an increasingly typical scenario of
development and associated ecological compensation (Bull & Strange, 2018; Jacob et

al., 2020; Damiens et al., 2021b).
3.2.3 Data Collection

The study employed a mixed-methods approach that consisted of two stages (see
Methods). In stage one, I applied an exploratory case study methodology (Yin, 2009).
Stage two involved a city-wide questionnaire survey to gain quantitative information
on the prevalence and characteristics of SBS. I used my exploratory study and official
documentation to design questions asking respondents to report their knowledge of
the environmental context and perceptions of environmental change, which could be

compared against three ecological indicators for which I had real data on ecological



change over time, including the area of natural habitat, water quality, and fish species
richness. The questionnaire also asked respondents to identify the plant species used
in the implementation of compensation within the town, and I compared answers
with the species that were actually used. The questionnaire and/or interview data will

also be used in Chapters 4 and 5.

1) Qualitative inquiries into perceptions of environmental change. The aim of this stage
was to qualitatively document local people’s (mis)perceptions of environmental
change within the urban ecosystem and discern the many cognitive processes
involved, through in-depth semi-structured interviews coupled with thematic
analysis (Braun & Clarke, 2006). In addition, by contextualising the concept of SBS
and building knowledge of the local situation, stage one played an essential role in

designing the large-scale survey at stage two and interpreting its results.

I carried out semi-structured interviews using the local language and dialect through
‘semi-randomised’ street-by-street sampling within the study area (Igudia et al., 2022;
Ackrill et al., 2023). Data were collected from all main roads (including all natural
parks) within the new town and from the west and south edges of the town where
residents of the old town have been relocated. Besides, I lived in the town from
November 2022 to May 2023, and from August to September 2023, allowing for
informal conversations with local people, including the local authorities, and
extensive field observations in local natural areas. Participants were approached in
public areas and asked to participate in the interviews. My sampling therefore

targeted residents found outdoors.

I decided when to stop interviewing based loosely on data saturation (Glaser &
Strauss, 1967; Small, 2009; Gerson & Damaske, 2020; Braun & Clarke, 2021). I
recognised that complete saturation is generally not possible as new information can
always emerge from more interviews (Wray et al., 2007; O’reilly & Parker, 2013; Low,
2019); in my research, interviewing another experienced respondent could always

bring in new environmental features that they perceived personally, for example a



different bird behaviour in a particular place. Thus, I aimed to achieve ‘depth and
richness of analysis’ (Small, 2009), and regarded my dataset as saturated once (i) the
responses provided evidence of whether SBS was an issue at the site, and (ii) new
participants were no longer providing new understanding about the cognitive
mechanisms behind people’s (mis)perceptions of environmental change. I here
focused on respondents’ basic cognitive processes, including sensation, attention,
learning, thinking, and memory (Mesulam, 1998; Pisoni, 2000; Solso et al., 2005;
Kausler, 2012). In total, I carried out 42 interviews, lasting from 25 minutes to 1.5
hours. The respondent demographics reflect the age and gender composition in the

latest (2020) census of the city.

A thematic analysis was then performed to analyse data from the 42 interviews,
following the six-phase guide of Braun and Clarke (2006). All content was transcribed
and translated into English before coding. The translated content was re-translated
from English back to Chinese (i.e., back translated) with the help of local assistants,
to provide an accuracy and quality check (Brislin, 1970 & 1986). I coded the themes
based on a deductive top-down approach, driven by the pre-established concept of
SBS and the cognitive components. The goal of the thematic analysis was not to
explore new themes. Instead, it was for exploring and evidencing how cognitive
processes can cause misperceptions of the natural environment. Further, the aim of
this exploration was not to exhaust the cognitive processes but to give a general
exploration, as the many subdivisions of a process and the complex interactions
between processes, such as selective attention or sensory memory, were beyond the

scope of this thematic analysis.

2) A population-based questionnaire. The questionnaire involved fourteen closed
questions to examine people’s knowledge of pre- and post-land conversion
environmental states. Two scores were generated to evaluate respondents’
knowledge of previous and current environmental states respectively, by counting the

number of indicators for which their responses were aligned with the official data on



ecological change over time. Respondents were also asked to state the date when they
started to experience the case study site (both the currently-urban area, and the river).
Respondents were also asked to report their certainty that they had correctly
answered the quiz questions, as well as the reasons why they felt uncertain (if
applicable), using closed questions. The reasons supplied include elements which

aimed to uncover different cognitive drivers (see Table 3.3).

The questionnaire also included components that assessed people’s experience,
including frequency of visits to the previous town, frequency of visits to the natural
area in the new town, time spent per visit, level of interaction with nature, and
knowledge sources (including direct, personal experience, and indirect means,
including relatives and friends, printed media, TV, official websites or social media,
and unofficial websites or social media). There was also a section inquiring about their

socio-demographic features.

The questionnaire data were collected using Wenjuanxing (http://www.wjx.cn/), one
of China’s largest online survey platforms, akin to Qualtrics, which also offers survey
services. The first round of data collection was collected online by the surveying
company in the study region. As the results were biased toward younger people, a
complementary second round was carried out by me, specifically targeting people
aged over 45, with a final combined sample size of 1326. I examined the statistical
differences between the results for the over-45s in the second round of data collection
and the same age-group in the earlier sample. I conducted three statistical tests based
on the total scores the two groups obtained for correctly answering all environmental
elements: Wilcoxon Rank-Sum Test showed no significant difference in the medians
(W=22960, p =0.8618); Welch Two-Sample t-test indicated no significant difference
in the means (t = -0.13888, p = 0.8896); Levene’s Test for Homogeneity of Variance
revealed no significant difference in variances between the groups (F = 0.0332, p =
0.8556). Based on the results of all three tests, there is no evidence of significant

differences, suggesting that the two groups can be merged for further analysis.



Due to incompleteness, 308 questionnaires were excluded, as they did not provide
responses to key questions concerning respondents’ perceptions of the factors driving
change, which are essential for the research. Within the 1018 questionnaires left, 4
respondents responded to all perception questions but incompletely reported their
socio-demographic features. They were therefore excluded from regression analysis

and were only used in representing different types of misperceptions (see Fig. 3.3).
3.2.4 Analysis

The accuracy of respondents’ perceptions of environmental states and trends were
compared with officially-reported environmental states and trends, which I took to
represent the actual states and trends of the area. I evaluated the trends in three
ecological indicators: area of greenspace, water quality, and presence of specific fish
species. I chose these because of (i) the potentially different perceptibility of the three
features and (ii) the availability of information on their actual changes for comparing
perceptions with realities. Area of greenspace can be the most obvious feature to
people who engage in the area. Water quality is not as perceptible but links closely
with local people’s basic well-being. Fish species is less perceivable by the majority
but would be well-known to people with more specialist knowledge (e.g., fishers). The
turning-point years (Fig. 3.2) for each indicator were estimated based on evidence
from local official reports (Appendix A). The turning-point year for the area of
greenspace was 2009, when the affected land had been cleared for development and
the first set of terrestrial compensatory restoration projects was completed. The
turning-point years for water quality and fish species presence were also 2009, when
ecological data showed that local river restoration projects began to take effect and

reverse the trend.

I asked about the previous land use in the area before land conversion took place,
primarily for assessing if people recognised the previous existence of the large marsh
wetland and multiple communities with farmland and fishponds. I also asked about

the plant species used for delivering compensation projects in the town; I applied



multiple-choice questions with both correct and incorrect items (i.e., plants used and

not used in local compensatory plantings).

Table 3.1 shows all the variables I collected to evaluate the association between years
of experience, quality of experience, knowledge sources, and socio-demographic
characteristics and local environmental knowledge. I used three models to separately
analyse people’s overall knowledge about local environmental change, and their
knowledge about previous and current environmental states. Generalised linear
models (GLMs) were used, after data dredging was performed for variable selection
(see Appendix C). The glm () function from the stats package was used to fit the
GLMs, and the dredge () function from the MuMIn package was employed for model
selection and comparison. As the dependent variables were count data, I used Poisson
regressions (Whitmore, 2020). My hypothesis was that the earlier a respondent
started to experience the location, the more likely they were to understand both
previous and current environmental states, so the variable of perceived baseline year
was used in all models. Factors evaluating people’s experience with the previous town
and the new town, their information sources, their interest in natural visits, ways to

interact, socio-demographic features were also incorporated in all three models.

Table 3.1: Variables included in the generalised linear models.

Variable Data type Description
Dependent variables
Overall knowledge score Count Out of fourteen questions asking about pre-

and post- land expansion environmental
states, the number of questions that the
respondent reported correctly

Pre-land conversion Count Out of five questions asking about pre-land

knowledge score expansion environmental states, the number
of questions that the respondent reported
correctly

Post-land conversion Count Out of nine questions asking about post-land

knowledge score expansion environmental states, the number

of questions that the respondent reported
correctly




Table 3.1 (continued)

Variable Data type Description

Independent variables

Experience

Perceived baseline year Continuous The year in which the respondent started to
experience the place

Frequency of visiting the Ordinal Frequency of visiting the previous town before

old town land conversion; O=never went to the old Qunli
Town before the development of Qunli New
Town began, 1=went there one or a few times
in total, 2=went there from time to time,
3=went there often, 4=lived in the old Qunli
Town

Time spent out of the Ordinal Time spent out of the town during the last

town (last year) year; O=never or no more than 1 month, 1=1-3
months, 2=3-6 months, 3=more than 6 months

Frequency of visiting the Ordinal Frequency of visiting the natural area in the

natural area (last year) new town during the last year; O=never, 1=less
than three times in total, 2=less than once per
month, 3=about once per fortnight, 4=about
once per week, 5=Most days;

Time spent per visit (last Ordinal Time spent per visit during the last year;

year) O=never been there, 1=less than 30 minutes,
2=around 30 minutes to an hour, 3=over an
hour

Interest in visiting Ordinal Interest in visiting the natural areas in

nature general; O=very low, 1=low, 2=neutral, 3=high,
4=very high

Interacting directly Dummy Interacting with nature directly by being
within it, so I can touch, smell, and see it;
0=no, 1=yes

Information sources

Relatives or/and friends Dummy Acquiring local environmental information
from relatives or/and friends; 0=no, 1=yes

Printed media Dummy Acquiring local environmental information
through printed media; 0=no, 1=yes

Television Dummy Acquiring local environmental information

through TV; 0=no, 1=yes




Table 3.1 (continued)

Variable Data type

Description

Information sources

Official websites or Dummy
social media

Unofficial websites or Dummy
social media

Socio-demographics

Age Interval
Education level Ordinal
Local (Qunli) Dummy

Acquiring local environmental information
from official websites or social media; O=no,
1=yes

Acquiring local environmental information
from unofficial websites or social media; O=no,
1=yes

0=18-30, 1=30-45, 2=45-60, 3=>60

0=no education, 1=primary, 2=lower secondary,
3=upper secondary, 4= college diploma,
5=bachelor’s degree; 6=master’s degree;
7=doctoral degree

0=non-Qunli resident, 1=Qunli resident

3.3 Results

3.3.1 Age, Experience, and Socio-Demographic Features

My exploratory interviews with a sample of residents (N=42) showed younger people

were not necessarily less knowledgeable about local nature and its change than older

people. Instead, the amount of knowledge they reported related strongly to the

number of years they had experienced the locality; people who had lived in the area

before land acquisition for development (2006) reported more knowledge about past

environmental conditions and change than people who had moved in after that year.

Respondents who demonstrated more interest in nature generally tended to know

more and their perceptions were more accurate, with some exceptions. Perceptions

were constructed directly (e.g., through personal visits to natural areas) or indirectly

(through other information sources):

“I used to live near the town... and moved in after it’s developed... I

wouldn’t choose to visit natural parks for fun, but I’'ve been there a few

times with my mom cause she made me... She took many pictures of



colourful flowers and shared them in our family group chat... One of my
classmates at [a local university] whose family moved from the old
Qunli ... (s)he told me there were some grassland, bungalows, and

factories.” [female, aged 22, student]

Also, people’s general interest in and time spent visiting local nature can change over
time, due to internal (e.g., acclimatisation to new experiences) or external factors

(e.g., a pandemic):

“[My interest in local natural parks] was sky-high when I first came
here... People were curious to see what the new town looked like when the
development just completed. I visited [the parks] quite often when I first
came here... I observed what’s been changed in the [bund] wetland... [The

parks] are not as enthralling now.” [male, aged 59, factory worker]

“[My husband and I] used to stroll in those parks years ago. Now I prefer
staying indoors, [because] COVID-19 is just so frightening!” [female,
aged 83, retired]

Through these interviews, I found that people’s information sources are
heterogenous, including direct visits or indirect information from families and friends,
TV, or social media. They also showed different ways of processing the environmental
information they had acquired, leading to correct or incorrect knowledge about past
and current environmental conditions. Ideas about how the place had changed could
even be generated without any direct or indirect experience of it (See erros of

commission Table 3.3).

I used generalised linear models to explore the effects of length of experience, quality
of experience, and knowledge sources on respondents’ knowledge of local
environmental states (Table 3.2). Results suggested that length of experience, rather
than age, predicts environmental knowledge. Interest in visiting nature and time

spent per visit significantly determined how much knowledge respondents had about



local environmental situations. The effect of close interactions with nature was
marginally significant. Interestingly, gaining information from (state-run) television
was associated with less accurate knowledge of the previous ecological state of the

area.

I also found people who lived in, or frequently visited, the old town before it was
developed had significantly less knowledge about the environmental state of the new
town. This finding is relevant to three interviewees who mentioned the loss of
incentive to visit and explore the town after the removal of farmland, factories, and

friends in the old town. For example:

“I went there before; I worked in the pumping plant there... I don’t go

there now. Why would I?” [male, aged 88, retired engineer]

I also examined the role of socio-demographic factors. I found that only education
level is significantly-positively associated with people’s knowledge of both previous
and current environmental states. Especially, age was not significantly related to
people’s knowledge of environmental states. Also, people who currently live in the
area were not significantly more or less knowledgeable about the previous state of the

environment than those who don’t.

3.3.2 Information Processing, Misperceptions, and Shifting Baseline

Syndrome

My exploratory interviews evidenced the role of environmental information
processing in engendering environmental misperceptions and SBS. They
demonstrated the role of many cognitive elements in information processing,
including sensation, attention, learning, thinking, and memory, in SBS (Fig. 3.2;

quotations in Table 3.3).

Based on the exploratory study results, I devised a questionnaire survey delivered in

person and online to 1018 residents and former residents of Qunli. I quantitatively



Table 3.2: Regression-estimated effects of experience and knowledge sources on environmental knowledge (N=1014). I present the results for
three GLMs, with the dependent variable being a composite knowledge score. Model 1 relates overall knowledge to variables related to respondents’
experience of the area, knowledge sources, and socio-demographic characteristics. Model 2 relates to knowledge about conditions before the point at
which nature recovery began, and Model 3 relates to knowledge about current conditions. Minimum Adequate Models (MAMSs) are presented, based on
a model selection process. Blank cells are variables which do not appear in the MAMs.

(1) Overall knowledge (2) Pre-turning point knowledge (3) Current conditions knowledge

Estimate  Std. Error Signif. Estimate  Std. Error Signif. Estimate  Std. Error Signif.
(Intercept) 35.450 3.329 ok 47.751 5.856 ok 31.618 4.566 ok
Experience
Perceived baseline year -0.017 0.002 ok -0.024 0.003 ok -0.015 0.002 ok
Frequency of visiting the old
town 0.034 0.019 . -0.044 0.015 o
Frequency of visiting the natural
area (last year) 0.020 0.012 . 0.030 0.014
Time spent per visit (last year) 0.055 0.018 ok 0.080 0.023 ok
Interest in visiting nature 0.061 0.016 e 0.102 0.024 e 0.047 0.020
Interacting directly with nature 0.065 0.035 . 0.077 0.044
Knowledge sources
Relatives or/and friends 0.039 0.026
TV -0.056 0.026 -0.086 0.043
Socio-demographics
Age -0.038 0.025
Education level 0.063 0.010 ok 0.099 0.019 e 0.043 0.012 ok
Local (Qunli) -0.045 0.028 -0.072 0.044

Significance codes: 0 “*** 0.001 “**> 0.01 **> 0.05 